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FOREWORD 


This document is the final report for the "Electrochemical Energy Storage 
Subsystems Study", perfomed by PRC/SSc under contract NAS3-21962 with NASA- 
Lewis Research Center. The effective date of the contract is September 26, 

1979. The basic contract study encompassed the study of subsystems consisting 
of fuel cells/electrolysis cell and battery cell type subsystems at 25, 50, 100 
and 250 kW in low earth orbit. A modification was made, dated September 30, 

1980, which expanded the study scope to include the geosynchronous case at 
25 kW power level, again using both types of energy storage devices. 
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NiCd 


Program Addendimis for Technology Variations vs LCC 
(Major Parameters) 


Depth of Discharge (Capacity Variable) Depth of Discharge (Capacity Fixed) 


420 FOR G0 = 1 TO G9 

514 D0, D9 = .05 + .05 * G0 @ 

GOTO 600 

690 D = 1 

720 E0 = Cl * K1 * D0 
805 P = 1 @ GOTO 853 
4661 RESTORE 506 @ NEXT G0 

Rated Cell Capacity 
420 FOR G0 = 1 TO G9 
670 Cl = -10 + 30 * G0 
680 GOSUB 4925 
690 GOTO 800 

4661 RESTORE 506 @ NEXT G0 

Cell Life (Capacity Variable) 

420 FOR G0 = 1 TO G9 
430 L2 = .6 + 1.1 * G0 
440 K = 1 
514 C = L2 
690 D = 1 

810 D0 = D9 @ GOTO 901 
4661 RESTORE 506 @ NEXT G0 

Hardware Life Cycles (Capacity Variable) 

420 FOR G0 = 1 TO G9 
430 N8 = 2 + G0 
690 D = 1 

4661 RESTORE 506 @ NEXT G0 


420 FOR G0 = 1 TO G9 

514 D0, D9 = .05 + .05 * G0 @ 

GOTO 600 

805 P = 1 @ GOTO 853 
4661 RESTORE 506 (§ NEXT G0 

Discharge Current (Capacity Variable) 

420 FOR G0 = 1 to G9 

810 10 = 10 * G0 

820 E0 = 10 * T1 

830 Cl = CEIL(E0/Kl/D9/5) *5 

840 GOSUB 4950 

4661 RESTORE 506 § NEXT G0 

Cell Life (Capacity Fixed) 

420 FOR G0 = 1 to G9 
430 L2 - .6 + 1.1 * G0 
440 K = 1 

514 C = L2 

810 D0 = D9 @ GOTO 901 
4661 RESTORE 506 @ NEXT G0 

Hardware Life Cycles (Capacity Fixed) 
420 FOR G0 = 1 to G9 ^ 

430 N8 = 2 + G0 
4661 RESTORE 506 (§ NEXT G0 


NiH^ 

Program Addendums for Technology Variations vs LCC 
(Major Parameters) 


Depth of Discharge (Capacity Variable) 

420 FOR G0 = 1 to G9 

514 D0, D9 = .175 + .075 * G0 @ 

GOTO 600 

690 D = 1 

720 E0 = Cl * K1 * D0 
805 P = l'@ GOTO 853 
4661 RESTORE 506 § NEXT G0 

Rated Cell Capacity 
420 FOR G0 = 1 TO G9 
670 Cl = -10 + 30 * G0 
680 GOSUB 4925 
690 GOTO 800 

4661 RESTORE 506 @ NEXT G0 

Cell Life (Capacity Variable) 

420 FOR G0 = 1 TO G9 

430 L2 = 1.75 + 1.25 * G0 

440 K = 1 

514 C = L2 

690 D = 1 

810 D0 = D9 @ GOTO 901 
4661 RESTORE 506 @ NEXT G0 

Hardware Life Cycles (Capacity Variable) 
420 FOR G0 = 1 TO G9 
430 N8 = 2 + G0 
690 D = 1 

4661 RESTORE 506 @ NEXT G0 


Depth of Discharge (Capacity Fixed) 

420 FOR G0 = 1 TO G9 

514 D0, D9 = .175 + .075 * G0 @ 

GOTO 600 

805 P = 1 @ GOTO 853 
4661 RESTORE 506 @ NEXT G0 

Discharge Current (Capacity Variable) 

420 FOR G0 = 1 TO G9 

810 10 = 10 * G0 

820 E0 = 10 * T1 

830 Cl = CEIL(E0/Kl/D9/5) * 5 

840 GOSUB 4950 

4661 RESTORE 506 @ NEXT G0 

Cell Life (Capacity Fixed 
420 FOR G0 = 1 TO G9 
430 L2 = 1.75 + 1.25 * G0 
440 K = 1 
514 C = L2 

810 D0 = D9 @ GOTO 901 
4661 RESTORE 506 @ NEXT G0 

Hardware Life Cycles (Capacity Fixed) 

420 FOR G0 = 1 TO G9 

430 N8 = 2 + G0 

4661 RESTORE 506 @ NEXT G0 
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Fuel Cell 


Program Addendums for Technology Variations vs LCC 
(Major Parameters) 


FCU Current Density 

195 FOR G0 = 1 TO G9 

202 Jl(l) = 50 + 50 * G0 

@ GOTO 210 

245 GOTO 270 

295 L(l) = U @ GOTO 310 

2325 NEXT G0 

FCU Voltage 

195 FOR G0 = 1 TO G9 

196 El, El(l) = 1 + .1 * G0 
245 GOTO 270 

275 GOTO 310 
315 GOTO 330 
2325 NEXT G0 

FCU Active Area 
195 FOR G0 = 1 TO G9 
212 Cl = 6.0 + 60 * G0 
2325 NEXT G0 


FCU Life 

111 RESTORE 113 

112 READ G0(1) G0(9) 

113 DATA 32000, 21500, 16000, 13000, 
10750, 8000, 6500, 5400, 4300 

195 FOR G0 = 1 TO G9 

196 L(l) = G0(G0) 

282 N0(1) = CEIL(T3 * N0/L(1)) 

285 GOTO 310 
2325 NEXT G0 


FCU Hardware Life Cycles 

111 RESTORE 115 

112 FOR I = 1 TO G9 

113 READ G0(1) 

114 NEXT I 

115 DATA 2, 3, 4, 5, 6, 8, 10, 12, 15 
182 FOR G0 = 1 TO G9 

184 N(l) , N0(1) = G0(G0) 

275 GOTO 310 
2325 NEXT G0 


F-3 


1 I 

2 Ol'XlUli liAiJi: 1 

J con G,X(yt)) ,irrrLCLK'cy,CU,Gl,C2,Gy,L,ll,l,J,U,g( J),x\/«,UA , shout •r(lA),S(lA),KU,Ul,U2,K5,U(),Ul 
A SHORT A,B,C,E,W,T,Z,AO,Al,A2,AJ,A5(A,lA),U0,Ul,iJ2,U3,li5(A,lA),C0,Gl,C2,tJ,CA,O0,t0,I10,10,Il 

3 SHORT LO.Ll,L2.Ly,nu(A,lA),nl(A,lA>,ri2(A,lA),lia(A,lA),HA(A,lA),M5(A,lA),M6(A,lA).Ii7(A,lA) 

0 SHORT n a ( A, I A ), tiy ( A, 1 A ), NO, N l,H2, N 3. HA. H3, NO, H 7, t4 0 , 00 (A, I A ),0 1 ( A, 1 A), 0 2 (A, 1 4 ).OJ (A, 1 A), 1 ^ 0 , Pl.i* 

7 SHORT P2,F3,PA,R5,PO,oO,gl,g2,RO,SU(b),Sl(7),S2<3),S3(7),SA(7),S5(3),TO,Tl,T2,TJ,TA,T3,T6 
B SHORT U0(A.1A),U1(A,IA),U2(A,IA),UJ(A,1A),UA(A,1A),U3(A,IA),U6(A,1A),U7(A,U),U«(A,1A),U9(A,1A) 
9 SHORT VU,Vl,V2,V3, VA,W(7),WU,H1,XU(2),X1(2),X2(2),X3(2),Y0,Y1,Y2,Y3,Z0,Z1,Z2,Z3,Z9,1«0(9),P1(7) 
lU ASSIGN# I TO "OATAl" 

11 Rt;AI)i:f 1,1 i 00(,) 

12 UtAUi/ 1,2 ; Ol(, ) 

13 ASSiCH# 1 TO * 

I A ASSIGHif 2 TO ''0ATA2'' 

13 REAUJ 2, 1 ; 02(, ) 

; 03(,) 

ro * 

TO "OAT A 3” 

; UK,) 

; U2(, ) 

J U3C,) 

; UA(,) 

; U3(,) ' 

; U6(,) 

; U7(,) 

; UB(,) 

; U9(,) ' 

uo(, ) 


16 KEAUi/ 2,2 

17 ASSlGHi^ 2 
Id ASSIGN# J 

19 READ# 3, 1 

20 READ# 3,2 

21 RLAO# 3,3 

22 REAO# 3, A 
2 3 RLAUil 3,3 
2 A UEAO# 3,0 
2 3 ilLAU# 3, 7 
2b READ# 3,0 
27 REAO# 3,9 
2b REAO# 3,10 ; 

29 ASSIGN# 3 TO 

30 ASSIGN# A TO 


"OATAA* 


31 REAU# A,1 ; llK.) 

32 KEAO# A, 2 ; M2(, ) 

33 READ# A, 3 ; M3(, ) 

3A READ# A, A ; liA( , ) 

3 5 REAU# A, 5 ; I15( , ) 

3b REAU# A, 0 ; GO ( , ) 

3 7 READ# A, 7 ; II 7 ( , ) 

3b READ# A , b ; tib( , ) 

3 9 READ# A, 9 ; I19( , ) , 

•AO REAU# A, lU ; nO( , ) 

A1 ASSIGN# A TO * 

A 2 SEEP 1UU, 500 y CLEAR y UISP USING "7/,lUX,IIA" ; "CHANGE TAPE" U PAUSE 
A3 09-9 y CLEAR 0 01 SP USINC " A/ , X, 30A, 2/ " ; "UOiKT BOTHER ME, I'M TUINRIHG!" 
A A iUR L-1 TO 3 y UISP USING "lOX.AA.U" ; "L - ",L 1 UW Indicator 
A 7 IF L-l THEN CUEAI’E "N ICd- I " , G9 , 70 b ELSE GOTO A9 
AO ASSIGN# 9 TO "NlGd-I" y GOIO OA 

A9 IF L-2 THEN CREATE "N iCd-2" , G9 , 70 0 ELSE GOTO 31 
50 ASSIGN# 9 To "NiCd-2" (sJ GOTO bA 

31 IF E-3 THEN CREATE "N ICd- 3" , G9 , 70 0 ELSE GOTO 33 

32 ASSIGN# 9 TO "NiCd-3" y GOTO OA 

53 IF L-A THEN CREATE "N ICd- A " , C 9 , 7 0 8 ELSE GOTO 33 

3A ASSIGN# 9 TO "NICU-A" y GOTO OA • 

53 IF L-3 THEN CREATE "N iCd ~ 3" , C9 , 7 0 b 
30 ASSIGN# 9 TO "HlCd-3" y GOTO OA 

OA IF L<-A THEN Gl-1 ELSE Gl-2 I Gl-1 FOR LEO, 2 FOR GEO 
03 G2-1 1 G2-I FOR NiCd.i FOR H1H2,3 FOR H202 
00 IF L-5 THEN PU-23UUU y H2-I2 y GOTO 09 

07 IF L-A THEN PU-250UUU 0 H2-2A ELSE PU- 2 5UU0*GEI E ( ( L / I . 3 ) "2 ) y N2-I2 
09 Pl-PU/lU 

73 IF L-3 IHEII HU-337bO ELSE NO-AAA I H 
7b IF L-3 THEU KU-.2A ELSE UU-.9A9 1 Rot 
77 K3-1 1 koL 


7ii IF L-3 TUUii Ll-5 LLiili Ll-JU I 'it 
7 'J U ** 0 ! a r.i b u r o £ S i d e ii 
bU lU-.bJJ ! tiaa 
b 1 li b - . 'J J 3 I U s a 
bl uu-.yj^ ! WL 

»J IF L-5 rUCU Nb-l LLSE l4b-4 1 Ur 
b4 d(J)-N2/N I Lcu^tb Factor 

U5 IF L-5 IIILU S5(l)-U LLbL b5(l)-.l I Spares Factor 
db 12,15-. 025 ! te 
67 FJ-26J 1 Top 

66 VO-126. 6 I Vr , c . 

yb FUR 1-1 TU L y KLAU W ( I ) , W ( 2 ) . U ( J ) , W ( 4 ) , W ( 5 ) , U ( 6 ) , W ( 7 ) y NEXT I 0 RESTORE 506 


•36 

OAT A 

.5, .35, .2, .4, .4, .5, .5 



OaTA 

.4, . 35, .2, . 35, . 35, .45, 

.45 

‘36 

OAA , 

3, .35, .2, . J, . 3, .4, a 4 


•3 ‘3 

OATA 

.25, .2, .2, .25, .25, #35, 

.35 


100 DATA . 5, . 35, . 2, .4, .4, . 5, . 5 
I 50 TO-.00000 2 704 5*(o 3 7 5-MIU)''(3/2) 

200 UO-a706*UO*Ll/TO 

300 DEO y ri-TO/iaO*(yo-ACS(() 375/(6 375+llO) ) )-»-T2 

3‘Jb F0-1*0/U0+1M/U1 

40\J C0-F0*T1/V0 

410 D,K,F-0 

4 50 IF R-0 TllEU 500 

460 U6-CE1L (U0/L2/5640) 

470 L0-W0/N6/564O 

460 GOTO 503 

500 LO,L2-IIO/Ua/5640 

503 FOR I-l TO 4 

504 READ T(l) 

50 5 ULXT 1 

500 UATA 253.2/3,2y3,313 
507 U-T3 
510 L-263 

512 0(1),0(2)-0 

513 G-LO 

515 GoSUb 7000 
537 FOR 1-1 TO 4 
53'J FOR J-1 To 14 
541 A5(l, J)-00(1, J) 

543 65(1, J)-Ol(l,J) 

545 NEXT J 
54 7 ULXT I 
550 GOSU6 yOOO 

552 uy-zy 

553 IF oy>.0 rUEti D9-.6 
000 E0-G0/U2 

625 cy-0 

650 K1,U2-.6'J1'‘(L0/L2) 

655 CU-Gy+l 

700 IF 0-0 THEN GOSUU 4V00 ELSE G I -C E 1 L ( LO /K 1 / 0 V / 5 ) * 5 

600 10-GE1L(EO/T1 *1000)/ 1000 

601 E0-10*Tl 
650 OO-EO/Cl/Ul 

65 3 IF Cy-ll TllLU 6 75 

655 C-UO 

600 GuSUU 7000 

661 IF Gy>l TUEU 666 

662 FOR 1-1 TO 4 
603 FOR J-1 TO 14 

664 A5(l, J)-Ol (1, 15-J ) 

665 65(1, J)«00(l, 15-J ) 


bOb NbAl J 
b0 7 IILXT I 
bOb GuiJUu yooo 
uoy L9-Z9 

a71 IF C‘J-10 Tlltli L2-(L^-fL9) /2 ii GOTO 650 
tf72 IF L2tfLV TUEU L2-Ly (3 GOTO 050 
b75 IF P-0 THEN ^^01 
bbO Gb-CEIL (IIO/L2/5bA 0) 

UU5 Ly-iiu/ua/5b40 

090 IF L0i(L9 THEN L0-L9 0 GOTO 513 

901 FOR 1-1 TO 5 

902 REAU S(l) 

904 NEXT 1 

900 DATA 253, 273, 203, 29 J, J13 
90b FOR J-l TO 4 
912 RtAU T(J) 

914 NEXT J 

9 I 5 UATA . 1 , . 5, 1 , 2 

910 A-T3 

9lb U-lO/Cl/Kl 

920 C-00 

924 E-.75 

957 GOSUa 7000 

9Ub GOSUU 7500 

9b9 GObUU bOOO 

990 V 1 -FLOOR (Z*K2* 1 0000 ) / I 0000 
1000 U3-CE1L(V0/V1) 

1050 V4-H3*V1 
1 700 N4-N2*tlJ 
I boo FOR 1-1 TO 14 
Ib05 READ T(l) 

1U0 7 KLAI) S(I) 

ItilU NEXT I 

Ibl 5 OAT A 253, 1.4013,2 50,1 146,26 3, 1,4575, 26 0, 1. 45 3b, 272. 25, 1.44 06,275.5, 1.44 3b, 277. 5, 1.44 

1020 UATA 203, 1.4200, 200, 1.4163, 29 3, 1.4030, 290, 1. 300 0,30 3, 1.3730,30 0,1.3575,313,1.34 25 

1021 IF TJ>-J13 THEN V 2-S ( I 4 ) - ( S ( I 3 ) -S ( 1 4 ) ) -'2/ (S ( 1 2 ) -S ( 1 3 ) ) * (T 3-T ( 1 4 ) ) / (T ( 1 4 ) -T ( 1 3 ) ) & GOTO 1070 

1022 IF T3<-253 THEN V 2-S ( 1 ) + ( S ( 1 ) -S ( 2 ) ) '"2/ ( S ( 2 ) -S ( 3 ) ) * (T ( 1 ) -T 3 ) / (T ( 2 ) - 1 ( I ) ) 0 GOTO 1070 
1025 IF T3<203 THEN 1050 

1030 J-15 
1035 J-J-1 

1040 IF T3<T(J) THEN 1035 

1 045 V2-S(J)-(T3-T(J))/(T(J + 1)-T(J))*(S(J)-S(J-I-1)) 0 GOTO 1070 
1050 J-0 

1055 J-J+1 

1060 IF I3>T(J) THEN 1055 

lo6 5 V2-S(J) + (T(J)-T3)/(T(J)-T(J-1 ) )*(S(J-l )-S(J) ) 

1070 V2-K2*V2 

1900 0G-GEIL(10*(V2-V1)*U4) 

20UO P2-Vl*10 

2 100 P3-F2*il4 

2201 FOR 1-1 TO 4 

2202 KEAU T(l) 

2203 NEXT 1 

2204 UATA .2003, .3125, .4600, .6063 
2207 for 1-1 TO 4 

2200 FUR J-l TO 14 

2209 A5( 1 , J )-02 C 1, J ) 

2210 05(1, J)-o3(l, J) 

2211 NEXT J 

2212 NEXT 1 4 

2231 0-P2/C1/KI 

2234 C-T3 




21 L » . /a c 7 

2 200 OOliUlJ 7UU0 u OJIiUU yuuu 

22 70 K0-.:'7 

22 7!) U UIK1.UOA5 niLIi U0«l.U04 3 
2200 C^» l-00 + iU)*l)U 
2JU0 1 ^»T0-T l-i'5 
2AIU l\)U l«l TO ^ 

2A11 ui:aj S(l-) 

2 /a 2 oi;:ci‘ i 

2^aj OAI'A 2i J, 27 J. 2iiJ. 21/ J, J13 
2^20 F u U J “ 1 TO A 
2421 KLAO f(J) 

24 2 2 iU:XT J 

2 4 2 J Oil i'A •U!>(«i(«2y*J 

242 5 I l“Ci:iL(KU*i:0/14*lU0U)/lUUU 

242J A«1J 

24JO ii«ii/ia/ia 

24 J I i:»U4 
2 4 3 2 i: » . 1 5 
2 4 J H ( 2 ) “ 1 
24J(| CO:iUa 7000 
2440 (.oijUa 7500 
2442 Go:;U0 0000 

2444 ' V J«C01L(0/.a* I 0000 )/ 1 0000 
244 5 lO-UJJ’MH)/ 1 1 

2500 1‘4»U*V3 ! 

2oOO 07«r2*Tl/i'4/lo 
2 700 r5-l’4*ll4/N5 
2000 UO»Cr.lL( .0205*1‘5) 

2 500 l-(;L;iiai’A*U4-(F J+00) *T1 /TO) 

JOOO 0 2-Ci:lL(iiAX( ^io/2 1) ) 

J loo W I -CL 1 1.(^2 / ( • 000 0 000 0 4 7i6*U5*(tJ''4-255''4))) 

4000 1 liiaciiTS 4 voLuaia 

mOOj if Cl>-(i AUb Cl<-5 TilLU SO(l)-5.4 0 lil(l)-2.l 
4010 a C1>»10 Abb C1<-JU TllliN S0(l)-7.0 u Sl(l)-2.J 
40 15 IF Cl>-Jl AOU Cl <-00 lllLIl SO(l)-12.7 0 Sl(l)-J.J 
4020 IF Cl>-ol A.IU CK-IJ5 XaLO liU(l)-l 0.2 0 ia(l)-3.9 
4025 U Cl>»iJO AiU) C1<-J00 TULN CO(l)-27.« 0 bl(l)-5.7 
4 02 0 ll‘ Cl>-JOl TllLJi S0(l)-42.5 0 5l(l)-0.i 

4 0 30 i2(l)-lNT(11.20*(-4.O74 + 12.5ii*Cl)/SO(l)/51 (l) + .5)/lO 
4035 G2(2)-10r(i3.4*02ll)+.5)/lO 
4040 bO(0)-4 57 

4 04 5 bo(5)-lia (50(0)*:ilN( 1»0/I1)*10F. 5)/10 

4 0 50 U-2*CiaL(»3/2/(SU(5)-2‘««S2(2)*rAU(lUO/lO )*2.2*l.402*iil (1) ) 

40 51 U l« LOT CO 3/0* l 00 1 . 5) / I 00 

4055 C4 ( 1 )-,056ii5 F.0354 1 *C I 

4000 S4(2)-i.037*03/U*^4( i)+.03*l0 

4005 S4(3)». 02*03 

4070 G4(4)-24.55 

4 0 75 C4 ( 57-1 .01 2* (0*54 C 2) + 54 ( 3)-lS4 (4 ) )>. 2*10>aJ05o*02/U2 
4 0 00 S4(5)-Ua C14*S4( 5)3 . 5) / 1 000 
4100 S3(l)-lKT (50(1) *51(1 )*52(1)F.5) 

4 105 SI (2)-lJa'( 1.402*Sl( l)*Ci:iL(N3/U)*lU+. 5)/10 
4 110 5 1 ( 3) - LOT C l, 4 0 2*0 l ( 1 ) * F LOOil (0 3 / 0 ) *1U+. 5) / 10 
4115 S0(2)-iaT(1.30G*S0(l)*l0+.5)/10 
4 1 20 5 3( 2 )-li4T(5 1 (2)*50(2)*S2(2) + .5) 

4 1 25 53 ( 3)-lU I (.S 1 ( 3) *50(2) *52 (2) f . 5) 

4 1 30 5 1 (4 )-liFf (20. 3*0 3 / I I + . 5) / lO 
4135 S0( 3)-12. 7 
4140 52( 3)-0.4 

4 14 5 S 3 ( 4 ) - I a r ( :a ( 4 ) * S u ( 3 ) *5 2 ( 3 ) 3 . 5 ) 

4 150 ;a ( 5)-l) 3. 5 
4 15) 5 0 ( 4 ) - 2 0 . 3 




410U 1.2(4)-10. b 
ftiob !> J( 

/ii/u to)-iirr(i;i. 5<'(CLiL(u/2)*iiu(2)+:j2(^)) + .5)/iu 

/|172 iiA(7)»ClUL(Ui*(U4(b)l^S4(O))f.Ui:>*(g(J)*U-iU)*iiI(0)*i;u(3) + .5) 

/| I 7b 3 J(b)-liJT(lu. 7b*ilAX(Ii2(2) ,i,U(A ) ) + . b)/l(J 
/♦ IdU J J(&)-iai (iil(0)*d0(3)*S2(b) + .3) 

U lyu i>l (7)-Jl J) 

/•2UU d J(7)-1.4T(til {7)*;l/A*liU(3)‘'2*COi(loU/ti) + .5) 

A3UU i LiFt. CVi;LL LObld 

."♦3Ul i 0(1)»1 mI( (,UA14*Cl''2f J. 12 J*C1 + 7U0)*;K^-. IU47 + .5) 

A 30 3 ru(2)-liil'(. h.UUl^*FU(l ) *i;4 + 7 2 7 + . 3) /I 000 

4 310 1 0( . 23*04+. 1 J*iU*i*4 ( I ) + 1 04 9 + . 3 ) / 1 000 

43 13 ro(4)-iUT(. 7o3*02J‘li*d4(2)+0O7 + . 3)/1000 
4 3 2 0 F o ( 5 ) - 1 »a ( . 1 7 2 *11 2 * ( 3 4 ( 3 ) +0 4 ( 0 ) ) + 1 J 2 y + . 5 ) / 1 000 
4323 rO(0)-IOT<. 32*04^.043*34 ( 7 7 +0 V 4 f . 3) / 1 00 0 
4330 F0( 7 ) "iUT ( .039*34 ( 7) +00+. 3) / 1000 
4333 U0-CLlL(14.13u*31(7))/34(7) 

4340 IF 1.6<1 UILIJ K0»1 

4 345 IF L«3 I’llLN 10 ( U ) »1NT ( ( 3 . 1 +3 . 1 4 *U6 ) *5 4 ( 7 ) + . 3 ) / 1 000 0 GOTO 4330 
4 34 7 IF Lirb FllLO FO ( d ) - i ii X ( 1 . ‘3 *3 * uO *S 4 ( 7 ) + . 3 ) / 1 000 
4 J30 1 0(‘3 )«iilf ( .0 1 1*04 ( 7 )•§ . 3) / 1000 

4 j 3 3 !• 0 = I V ) ( 2 ) f F 0 ( 3 ) H F 0 ( 4 ) f F 0 ( 3 ) + F 0 ( G ) + F 0 ( 7 ) + F 0 ( y ) + F 0 ( y ) 

4 3(iO F l( 1 )-lilT (b44*G4 ( 7)''. 203+. 3) / I 000 

4 30 3 I 1 ( 2 )-l IFF (yyy* ( ( 1 fC3 ( 1 ) ) * (F0( 2 )iFO( 3)+FO(4 )+F 0(3)+FU (0) ) )"1 . 00 4 + . 3) / 1000 
4 3 70 i 1 ( 3)«lilT(21 7*1- I (2)*'. /yy + . 3) /I 000 
4d 73 I 1(4 )-luT(d2y*Fl (2)''. 3‘3 7+. 3) /lOOO 

4 3 60 FI (j)-lU F ( 10’3* (FI ( 1 ) + ri (2)+Fl ( 3)+Fl (4) )^1 .023 + . 3) / lOUO 
4 3^3 F 1 ((;)»lwT(y4*(F 1 ( I ) +1 1 ( 2 ) +F 1 ( 3 ) +F 1 ( 4 ) +F 1 ( 5 ) ) *' . d6 5+ . 3 ) / 1 00(7 
4 3*30 FI ( 77»ldT ( 1 31*(F1 ( 1 7+F I (27+Fl ( 3 ) +F 1 ( 4 ) +F 1 ( 3 ) +F 1 ( 0 7 ) '* . dO 3 + . 5 ) / 1 00 0 
4 3*3 3 F1»W(17*F1 (1)FW(2 7*F1 ( 2 7 +W ( 3 7 * F 1 ( 3 7 +1/ ( 4 ) *F 1 ( 4 ) +W ( 3 7 *F 1 ( 5 ) +W ( 6 7 *F 1 ( 0 ) +W ( 7 ) *F 1 ( 7 7 
4 3*3/ Fl-iliX(Fl*IOOO+. 57 /1000 

4000 IF L-3 TllF.N 1 2 ( 1 7 , F2 ( 2 ) . F 2 ( 4 7 -0 U F2(3)-.1*L1 (J GOTO 4635 
4003 03(2)»Iiy-l+Ull*i>3( 1 ) 

40 10 o5(37“Gl*(.OO2*;i2*U + .0Ol*;lJ*Gl:;iL(i;2*0*S3 ( 1 7 7 + . 001 5*(Ilb-l)*ll2*U) 

40 13 F2( 1 7-lOX (S3(27 * (F0(27+F0 ( 3) 7 *1000 + . 37 / 1000 
4 0 2 F 2 ( 2 7 - 1 IIX ( 6 2 . 3 *0 3 ( 3 7 + . 3 7 / 1 000 
40 2 5 F2 ( 37 3*30*115 ( 3 7-F. 37/1000 

4 0 30 F2 (4 7“1NT ( 30OO*d3( 37 + 1 . y*J*UO*33 ( 2 7 *S 4 ( 2 ) *» 2 *0 + . 3 ) / 1 000 
4 0 3 5 I 2 - F 2 ( 1 7 + F 2 ( 2 7 + F 2 ( 3 7 + F 2 ( 4 7 ^ 

4 6 40 F3“FUH’1+F2 

4043 IF L-3 TilLiJ Ji»23.i> ULSE :i»36 . 23 + . 34 3*L 1 
4 6 4 u F4 "lU f (li* i‘5^ . do 3 + • 3 7 / 1 00 0 
4 0 50 F5( 1 7»l«X(3 200+.0d2 5*i,»2+l . 3 * W 1 + . 5 7 / 1 000 
4 0 32 F 3 (27 “iilX (200*.12". d4d + . 3) / 100 0 
4 0 3 5 F »1 3 H- 4 +F 3 ( 1 ) +F 3 ( 2 ) 

4oOO GUOUd 3000 
4 0 7o lU.:iX 0 llL (» NEXT E 

40 73 CLEAR 0 iiEi:i‘ 00,9*3*3 0 OlliF UdlNO ’'7/,12X,3A" ; "UOIiE!" d EIIO 
4 900 ! Cl UOdRuUFlIlE 
4 9 1 0 C 1 « J 

I 12 3 I Lu cudi.ouriM: 

4930 E0«C1*U1*09 
4933 COGUE 4930 
4 94u E0“Cu/;i2 
4 94 3 kF.XUR;1 
4 3 3 0 I iU oUiUun) nUL 
4*333 il2»CClE(C0/LU) 

49u0 IF .l2<-4 i.lLd il2»4 
4963 37-Ci.lE(E2/d7 

4*370 li«Ci:iL(il2/.^( 3) ) 

4 9/3 RF.lUild 

3000 i i)ATA oiti.lE Cllli/.OUFICE 


:>U02 

11 0 0 

-1 

5UUA 

U 00 

-2 Tlltli 

!)UUO 

IF 0 0 

-J i’llLW 

*jOU J 

IF 00 

-4 TUON 

bOlU 

IF 0 0 >4 TIILM 

!)U12 

..(2)- 

UO 

5014 

X( J)- 

r 1 

5U10 


TO 

5ulil 

X(5)- 

LI 

5 0 20 

A 1 0 ) - 

0 0 

5022 

a(7)- 

1‘0 

5024 

A(a)» 

VO 

5 0 2 1> 

X ( J J » 

LO 

50 2o 

X(10) 

L2 

50 JO, 

-(11) 

U1 

50 J2 

a( 12) 

U2 

50 54 

A(l i) 

l» J 

50 JO 

A ( 1 4 ) 

V4 

50 JO 

X(15) 

0 4 

5 040 

X(10) 

U2 

>042 

a(1 7) 

11 J 

504 4 

X( U) 

0 

5046 

A ( 1 J ) 

0 1 

5 0 4 o 

X(20) 

01 

50 5 0 

X(21 ) 

00 

5052 

.; ( 2 2 ) 

LO 

5054 

a(2 J) 

10 

505b 

a(24) 

V 1 

50 5 0 

X(25) 

KO 

5oOO 

-(20) 

0 4 

500 2 

X ( 2 7 ) 

11 

5004 

a(20) 

V J 

5000 

X(2V) 

N7 

50 0« 

X( JO) 

T J 

jooy 

X(il) 

V2 

5 0/ 0 

X( J2) 

00 

50 7 2 

X( JJ) 

01 

50 74 

X( J4) 


50 7o 

XU5) 

l»5 

5070 

X( JO) 

WO 

5000 

A ( J 7 ) 

W1 

5 0u2 

-(JO) 

KO 

5004 

X(J‘J) 

S4(l) 

50o0 

-(40) 


500i> 

X(4 1) 

54( J) 

50 00 

a(42) 

i,4(4) 

50 0 2 

X(4 J) 

S4(5) 

50 04 

X 1 4 4 ) 

04(o) 

50 JO 

X(45) 

54(7) 

505 0 

X(40) 

50(1) 

5100 

X ( 4 7 ) 

yi(l) 

5102 

X(4u) 

S2(l) 

5104 

-C4‘J) 

Sl(2) 

5 1 00 

a(50) 

00(2) 

5100 

A ( 5 1 ) 

02(2) 

51 lo 

-(52) 

Sl( J) 

5112 

XC5 J) 

00(2) 

5 114 

X(54) 

02(2) 

5110 

X ( 5 5 ) 

01(4) 

5 110 

X(50) 

0O( J) 

5120 

X ( 5 / ) 

02( J) 

5122 

a(50) 

"SI (5) 


A ( 1 ) “U l 
X(l)-G2 
;c( I )»i»o 
X( 1 )-U 


Ol’J 


f 


( 


j ( I ) 

jl2i) X(Ol)“bl((>) 
blJU ..(02)«SU(J) 
blj-i (0J)-b-^(3) 
biju .v(04)-bJ ( ;) 
blJb X(0j)-bU(6) 
blJ.i X(Ou)-SUC>) 

“)14U a( 0 / )-b J( I ) 

^)1A2 X(0b)»bJt2) 

5 144 J( J) 

5 140 :;(70)-SJ(4) 

51 4 « X(7l)-liJ(5) 

515U X(72)-i>ilo) 

5152 a(7 J)«bJ(7) 

5154 X(74)=F1 
5150 X(75)-ro 
515b X(7b)-ru(l) 

5UiU X(7 7)-FU(2) 

5 10 2 X(7i;)-i’UU) 

5104 X(79)-ru(4) 

5 I bo X (bU)-F U ( 5) 

5 lob X(ai)-FU(b) 

517U X(a2)-FU(7) 

5172 X (li J)-l u (ti) 

5174 X(t>4)-ro('J) 

517b X(a5)-F2 

5 1 / J «(i;o)-I* 2 ( 1 ) 

5lbU Aia7)»F2(2) 

5ia2 X(bo)-F2(J) 

5104 X(b‘7)-t2(4) 

51 bo ;:(yo)-Fj 
5Ub .. (JD-F4 
51V0 .v(‘727»F5(l ) 

5ly2 a(!7 J>-F5(2) 

51*74 a('J 4)-F 
5 17 0 PXiiJTk 7,00 ; X() 

5 17b IILTU.UJ 

7000 1 2 oiuoiibiuN subuouriin: 

7 00 1 ilo, »U , 112, U J»0 
700 5 IF 11 >L 111 Lb 7U7U 
7010 il4“U 
7 02 0 ii4»B4 + l 

70 JO IF 15>-T(iJ4) Tlir.N 7020 
7 04 0 IF »14-l TllLU 7o7 0 

7 0 50 liO-(f(il4)-B)/(T(il4)-r(b4-l )) 
7000 LUTO 7100 

7 0 70 b2«(T (il4 )-li) / (T (b4H )-l (04 ) ) 
7obo UUTO 7 1 0 0 
7070 U4»5 
710 0 0 4 » b 4 1 

7110 IF »l<-t(a4) rill.ll 7100 
7120 IF b4»-4 TIJKJ 7150 
7 1 JO b l«(il-r (04) ) / (T (04 + 1 )-r (114 ) ) 
7 140 KiiTUlUl 

7 150 li J-(u-r(114) )/(T(b4)-T(ll4-l) ) 

71 00 KFlOUIl 

7500 ! Jrb olilLOF.IUO bUUKOOI lUL 

7501 A0,Al,A2,AJ»0 

7502 IF A>2i.J liU.O 7 54 5 
7505 A4“0 

7510 A4-A4+1 


It-J 


/ b i j I i' /. > “U t A A > I U KU 7 li I 0 
/^2U IF AA-l r.lFU 75J1> 

7 3^‘j AU-(S (AA)-A)/ Ci (AA )-S (AA-l ) ) 


7!)JU rlLTUllil 

75 A2-(S (AA)-A)/(S (AA + 1 )-i.(AA) ) 

75AU ULIUUa 
75A5 AA*=0 
733U AA-AA-1 

7555 ir A<-S(AA) lIlLli 7550 

7500 IK AA-5 TllKIi 7 5 75 

7 50 3 Al-(A-i;(AA) )/(.i(AA+l)-0(AA) ) 

7 5 70 KtTlJiU 

7 5/5 A 3- ( A-ii ( A A ) ) / ( S ( A A ) -S ( A A - 1 ) ) 

7 50U ULTUli.4 

aouu i irJ iJiiiLooiuu suoilouTiot: 

J0U2 on aA goto ttOUA.bOAU, 0050, 0070 , aO«JA 
GOuA GOOD A GAlO 


ou20 
0 0 A 0 
b050 
iiU50 

00 7 A 
0070 
0U'J2 
OO'JA 
0 110 

01 I I 
0 112 

01 1 A 
0 110 
0 1 iA 
015A 
0 1/ 0 
0172 
0 100 
0 1 *7 U 
020A 
0 200 
0220 
0222 

02 2 3 
o22A 
0 2 20 
0220 
02 30 
0 2 i 2 
02 JA 
0 2 30 
02 52 
025A 
02 7 U 
0 2 72 


GOTO Olio 
GuOUO 0A20 
GO 10 olio 
GoOUO OAJO 
GOU olio 
OUOUO OAAO 
GOTO 0110 
GOOUii o A 50 


0 0 -2 ‘7 

IK A>2u 3 iai:u 0 2 32 

IK AA-1 iOLO 01 ‘70 

Oil AA-1 GOTO 01 10,015A,0172 

GOjuO OAlO 

Oulu 0222 

GoOUO 0A2U 

GUlU 0222 

GOoUO 0A30 

GOfU 0222 

GOOUO 0A20 

2 2 “ *7 


GOOUiJ OAJU 
23-29 U oUTU 0223 
2 1 -2 '7 

IK AO-0 TAK14 0 2 20 
2»2«H-AU* (21-20) 


KLl'UUO 

2-*.tJ'»'A2* (2 0-2 2 ) * ( (20-22) / (22-Z J) ) 
KKl’OUn 

IK AA-5 TllKU 02 72 
on AA-2 GOl’O 02 30, 02 5 A 
GOGUU OAAU 
GOl‘0 oiOA 
G O 0 U It o A 3 1) 

GOTO OJUA 
GUOUO OAAU 


0200 22«2‘7 


0200 GJGOO OAJO 


0 30 2 ^3-2 ‘7 0 GOTO 0 30 5 
OJUA 21-20 

0 305 LF Al-U lilUU 0310 


0300 2-20-Al* (20-21 ) 

0 300 ilLlOUG 

0 3 lu 2-4- U-A 3* (2 2-20) »‘( (22-2 0) / (2 3-22) ) 
0 312 ULlOiUi 

OAlt) U -)(2) = l Ii.l.i. 0 711 


F-12 


ii'ill I'UR I " I TO 6 
tou J«1 TO I A 
aA U A3(I, J )»U1 ( 1, J) 

«AIA yb(l,J)-U(>(l.J) 
yAi3 in:xT j 
uAlo OLaT I 
oA i / ous uy 9000 
JAiO RLi'Ultil 

aAZO Lt TilLll 0 9 20 

JA2i 10 K 1-1 fU A 
OA2 2 FUU J-l TO I A 
0A2J A3(I, J)-U2(l, J) 

0A2A 05(1, J)-U/(l, J) 

UA25 .IRXT J 
JA20 iU.XT 1 
0A2/ (JuOUiJ 900 0 
bA2ii iu:ruuw 

3AJ0 LF v^(2)-l TllLil U9J0 
OAJl lOK 1-i TO A 

0AJ2 FOR J-l TO I A 

OAJ J A5(l. J)-U J(l, J ) 

OAj/i 05(1, J)-U«(l, J) 

0AJ5 UOXT J 
OAJU iioxr I 
yAj7 OOOUU 9000 
uAJO KLTUUIJ 
OAAO IF 

OAAl FuK 1-1 10 A 

0AA2 FOR J-l TO I A 

OAA J A3(l, J)-UA(1,J) 

JAAA A5(l, J)»U9(1, J) 

o A A 5 U F XT J 

0*4 AO :iLXT 1 

OAA 7 COIiUU 9000 

OAAo .(l.lUUil 

0A50 IF 0(2)«1 n»i:il 0950 
0 A 5 1 F o 1; I - 1 1 0 A 
0A52 FOR J-l TO I A 
oA5J A5(1, J )-00( 1 , J ) 

0A5A U 'j(l , J )-00(l, J) 

OA5 5 ;i;:aT j 

0A56 IiFaT 1 

iiA57 OOoOi; 9000 

oA50 ULTURJ 

oJll FOR 1-1 TO A 

0912 FOR J-l TO lA 

09 IJ A5(l, ( / , J) 

091A 115(1, J)-ll(>(l,J) 

0915 JO XT J 
09 16 i:lxi 1 

09 17 OOJUli 9000 
690 ROTUUN 

0920 FOR L-l TO A 

0921 FUR J-l TO lA 
09 2 2 A9 ( I , J )-ii2 ( I , J ) 

0 92 J J 5( 1 , J)-;i7 ( I, J ) 

6 9 2 A ii 0 X T J 

6 92 5 ilRXT L 

0926 UUOUO 9000 

0927 RlTuRJ 

0 9 jo i uJ 1-1 TO A 
09 i I FOR J-l TO lA 
o9J2 A5(l , J j-hJ( I, J) 

69JJ 69( I . J )-*.0( I , J ) 
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<iVJ4 j 

o’j JO uuaua ‘juoo 

JJJ/ tU.liJUii 

ay4u i’u»i i»i ro a 

a'jAi Foi*. j«i ro 14 

ay 4^ A>(i, j )»ii4 ( i, j ) 

ay4j iJb(i, j)-iiy(i, J) 
jy4 4 I<La.T j 
J'jAb UlAT L 

oy4o ouaua jouo 

ay4 / K L i iitio 
jjyo lUfi 1-1 To 4 

ay!)! v’o.v .1-1 rv> 14 

ay 5 2 A’j( I . j)-ii3(i, J ) 

jyyj ii5(i , J )-iio( i , J ) 

yy'j4 j;i:aT j 

uyyb i 

ajjo Guauu yuuu 

ayj7 r.Lioiiu 

yuuo ! 1 Gi'LKi'oLAi ion ouiinouxiiii: 
yuo J xo ( 1 ) , i ( 1 ) , ( 1 ) , A J( 1 )-u 
yuuy IF C>A3(1*4,7) TllLil ‘JUiO 
yoiu G-o 
yuli> G-G+l 

^JUIO U-’ C>-A5(J4,G) niLU '7015 

yo^iS AU(2)«(A5(ii4,G )-o)/ (A5(W4,G )-A5(04,G-l) ) 
yujo Guio yo55 
y u J i) i. - 1 5 

y040 G-O-l 

704 5 U- C<-A5(li4,G) lUKIi ‘7040 

70 JO ;iU(l)-(G-A5(ii4,G))/(A5(il4,G+l )-A5(U4,G) ) 

yuj5 LI a>L L’ur.u yji5 

yuoo ir ij4-i TiiLiJ yoy5 

yuu5 ir G>A5(04^1,7) TIILN ‘7 140 
‘jU7u il*0 
‘70 7 5 ll»lUl 

yuoij 11 C>-A5(ii4-1 , II 7 TIIUI y075 

7 00 5 .. 1 C^)-(A5(L4-1 ,11 )-C) / (A5U14-1 ,11 )-A5(Ji4 - I ,11-1 ) ) 
yoyo G 0 1 o y 2 1 0 

yo'75 ir C>A5(l;4 + l,7) IllGN *7171 
yioo ii-o 
yio5 ii-ii + i 

yiio ir G>-A5(ii4 + i ,11) Tiitii yiu5 

‘7115 X2 C2) -(A5 (114-11 ,11 )-C) / (A5(U4+1 ,il)-A5U;4 + l ,11-1 ) ) 
‘7 120 J-0 
yi25 J-J+1 

yijo ir g>-a5(c4-i- 2 , J ) riiLii yi25 

y I J5 X J ( 2 ) - ( A 5 (04 1-2 , J )-C ) / ( A3 (114 7-2 , J ) -A 5 ( U4 f 2 , J - 1 ) ) 
‘7140 GOTO ‘72 10 
y 1 4 0 11-15 
•7 150 Il-li-1 

‘7 135 IF G<-A5(I14-1 ,11 ) lllllll ‘7130 

y loo a 1 ( 1 )-(C-A5(ii4-l .11) ) / (A5(b4-1 ,111 1 )-A5(lJ4-l ,11) ) 
yiOJ GOlO 7210 
•7L7 1 ll»15 
yl7J il-ll-l 

yiOO IF C< -A5( 1)4 + 1 ,11 ) I'.ILH '7 175 

y la J X2 ( I )-(C-A5(a4 + 1 ,11 ) ) / (A3 (1)4+1 ,11 + 1 )-A3 (U4 + 1 ,11 ) ) 
‘7lyO J“15 

yi‘7 5 J-.J-1 • 

‘7 2 00 11 C<-A3(114+2, J ) lliL.l ‘7 I ‘7 3 


1 


Pl-d 


.. J ( 1 ) = J) ) / (A5 J + 1 )-Ab(U4+2, J) ) 

«J21u ir aU(1)-0 U225 

•22 15 VU-iJb(A4,C )-:;0(D* (Ub(UA,C )-lS5(li4,C+l) ) 

•2 220 GOTO V2J0 

‘2 22 5 YU«1;5(:jA .C’)>X(;(2) )-ii5(liA ,(;) ) 

•2230 il* iiA-l TIIUI ‘22G5 
•22 35 ir Xl(l )-0 lill.il *2250 

‘2 2 A 0 / I - li 5 U A - I , II ) - A I ( 1 ) A ( 1. 5 ( ii A - 1 . a ) - IJ 5 ( li A - i , II + I ) ) 

92A5 ooru *2 2 50 

‘J2 50 Y l*li5(LA-l ,l» )+Xl (2;*(il5(UA-l ,a-l )-U5(liA-l , 11 ) ) 

‘225b Z•2»VU^ liO* (Y 1-YO) 

•22 5 7 ki:tjku 

y2o5 II X2(l)-U xai.a *228U 

•2 2 70 V2-li5(ilA » 1 ,II)-X2( 1 ) A(li5(liA-H ,ll)-U5(iiA + l ,11 + 1 ) ) 

*22 7 5 GOTO *22 0 5 

9 21.0 Y2-il5(lJA + l,ll)l-A2(2)*(ii5(iJAH,ll-l)-li5(iJA + l,ll)) 

*22115 IK X3(l)-U TIILii *2300 

*2 2 *2 0 V3«il5(r.Af2,J)-X3(l)*(il5(iiA + 2,J)-li5(r.A+2,J + l)) 

•2 2*2 5 GulU 9 30 5 

930J V3"lJ5(liA+2, J)+:;3(2) A(li5(ilA + 2, J-l)-ll5(liA + 2, J) ) 

•2 30 5 IK lillla 9 310 

‘.;30u i:'2-YO+U2*(iO'Y2)*((YO-Y2)/(Y2-Y3)) 

9 30 7 IILTUIUI 

9310 Z9«r(LA>-(YO-GA)/(Y2^YO)*(T(UA + l)-T(i;A))*(I(lJA + l)-I(iiA))/(T(UA + 2)-T(BA + l)) 

9311 ki.ruiai 

93 15 11 bA-A TUI. a 9 350 
9320 IK G>A5(iiAKl,7) iacil 9A0 1 
•2 32 5 a-U 
9 3 30 a -.1+1 

9335 11 G>-A5 (bA + l ,11 ) rilUil 9330 

9 3AU a 1 (2)-(A5(ilA + 1 .11 )-C) / (A5(ilA + l ,11)-A501A + 1 ,a-l) ) 

9 3A5 Gu’n; 9A0 5 

9J5o IK G>/.5 ( llA-1 , 7) TIILN 9A20 

9 35 5 il-0 ^ 

•2 300 a--»il+l 

•2 30 5 11 G>-A5 (UA-1 ,11 ) TIll.N 9300 

93 7 0 X2 ( 2 ) »(A5(i>A- 1 ,11 )-G)7 (A5(liA-l ,11 )-A5(BA-1 ,11-1) ) 

9375 J-0 
•2300 J-JH 

9335 IK G>»A5U.A-2,J) laui 9300 

9 3 90 X 3 ( 2) (A5(r.A-2,J )-G)/ (A5(bA-2.J )-,\5(ilA-2,J-l ) ) 

9 39 5 GO 10 9A0 5 
9A0 1 11-15 

9 A 05 a=a-i 

9A10 IK C<-A5 (UA + l , a ) 1111.11 9 AO 5 

9A I 5 X 1 ( 1 )-(C-A5(llA + l ,11) ) / (A5(UA + l ,11 + 1 )-A5(liA + l ,11) ) 

•2 A 20 GOlu 9A0 5 
9A 2 b 11 - 1 5 
9A3U a-a-1 

9A35 IK G<-A5(l'A-l ,11) Tlll.ll *2A30 

9AA0 X2 ( I )-(G-A5(bA-l ,;i) ) / (A5(il4'-1 , iJ + 1 ) -A 5 ( b A - 1 , il ) ) 

9 A A 5 J - 1 5 
9A50 J-J-1 

9A55 IK G<-A5(liA-2. J ) IIILII 9A50 

9A0O «3( 1 )«(C-A5(iiA-2, J) ) /(A5(liA-2,JM)-A5(llA-2,J)) 

9A05 IK XU(1)«0 1111.11 9 A GO 

•2 A 70 YO-b5(uA,G)-AO(l)*(U5(l)A,G)-05(i.A,G+l)) 

9 A 75 GO 10 *2 A 35 

•2 A 00 Y U - i) 5 ( li A , G ) +X 0 ( 2 ) * ( 11 5 ( li A , G - 1 ) - li 5 ( 3 A , G ) ) 

9A05 IK liA-A rilLli 9520 
9 A 90 IK Xl(l)»0 lill.il 9 50 5 

9 A 25 V l-b5(.lA M ,a )-.: 1 ( I ) (ii5(IiA+l ,a)-1.5 (0A9 1 .3 H ) ) 


i;oio ybll 

‘riub i'i«u5(u^iH,ii)fAl (2)*(u5(iU + i,ii-l l,u)) 

'^311 -YU-.M * ( VU-V I > 

Ki. l Uliil 

IK ;:2(1)*-U Till.W 'J5J5 

■JbZ'j Y^»b5(lS4-l,U)-A20)*Ul5(iiA-l,li)-L3(li^-l,n + l)) 
V^JO OvJi'U ‘J34 u 

'^3 J3 Y2»ii5(iU-l ,il-l ) 

rjAv) IK XJ(1)-U TilI.U 9333 

9 34 3 Y J-li3U>4-/,.J)-X J( 1) A(D3(ii4-4, J)-li50i4-2, J + l ) ) 
*J3 30 GOlU 9 30 1 

9 333 Y J-ii3(ll4-2, J)+A J(2)*(U3(U4-.2,.I-1 )-ii5(li4-2, J ) ) 
9 30 1 29-Vu-iJ J*(Y2-Y0) *( (Y2-Y0)/ (Y J-Y2) ) 

9 50 2 


lu 1 "uAlAl*" 

111 orilOU ilAiiL 1 

20 Oi:i VJ|(/|,IA),P0(A,IA) 

JU ! OlvUAll- "data I ”, 2 » 700 
/♦o ASS lew* I TO "dAIAI” 
io lui; 1-1 TO A 

0 0 l ull j-l TO I A 

/() KLAO Uo(l,JJ i LIl'O VOAiiS 
SO tlll.lT J 

yo ul::t i 

100 IT.luTi/ 1,1 ; D0(.) 

lio roil l-l TO A 
120 I Oil J"1 To lA 

1 JU KI.AD VO(l,J) ! OOD 
I A 0 iJ LA L J 

ibo ui:/a- I 

100 rr. iiaa l,2 ; vo(.) 

I/O Assici;»f 1 TO * 


2 00 ua) 


10 I "JATA2*” 

J !> u n 1 u 0 s A I » r I 
2 0 ) Ki VO (A , I A ) ,1)0 (A , I A ) 

JO ! CUlAll. "DATA 2" , 2 , 70S 

AO ASS too*' I LU "DATA 2" 

lio rol. L~1 TO A 

oO roll J»1 To lA 

/O ULAO boU,J) I TI-iU’lUATOTCL 

0 0 ui::a’ j 

S'U .«l«T 1 

1 00 I’K I OTi/ 1,1 ; DO ( , ) 

1 1 0 roL I - 1 ro A 

120 lull J“1 TO lA \ 

I Jo iisAu vo(i,j) I .a.ciiAiiCii: riiAcriou 
1 A o il 1. XT .1 
IbU DL.vl 1 

lOJ riaHTtf 1,2 ; voi,) 

170 ASSiGia- I To •' 



JO, .255, .2, . 155, . I I, .055,0 


5. . 2A5,.iy5,.l55,.l, .0525,0 
.2A,.2,.l65,.lJ25,.l,.05,O 

105. . 1 J3, . 105, .075, .0J5,0 
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lu 1 

15 (Jiilii.J li.VJL; i 

2U .)Ui U0(/», 1/|),V(>(4, 14) 

4 0 ! CItLAlL "OAi’A J” , 1 O, /bii 
50 AiiblOi.ff 1 ru "OAIAJ" 

5 5 i'oii 11“ 1 Ivj 5 
Go 10 A 1-1 TO 4 

7 0 1 Oil J«1 TO 14 
Ou I'.hAO D0(1,J) ! DOU 

l«lo illwtT J 

no ;ii.>:i i 

l IMn.il Jl 1 ,11 ; l)G ( , ) 

Mo llL^l U 
1 4 u 1 Ou 11“ 1 T O 5 
150 b'Uii L“1 TO 4 
M.u I OK ..=»! ro 14 

1/0 ! oigciIAaui: vokiack 

MO ;i 

1 ju UL.^r K 

2 00 I'Kl.ili/ l,L+5 ; VG(,) 


2 10 
220 
2 JO 
24 0 
2 50 
2G0 
2/0 
2 JO 
2 5 0 
JOU 
JlO 
J2U 
J JO 
J4 U 
J5U 
JGO 
J/0 
JOU 
JJO 
4 00 
4 I 0 
420 
4 Jo 
4 4 0 
4 50 
4bU 
4 /O 
4 110 

4 50 
50 0 

5 1 0 
520 
5 J o' 
54 0 
5 50 
5b 0 
5/U 


• a. AT K 

i.li^lGili 1 To * 

OATA u..o55,.l,n45,.2J,l,1.10,l.2/,l.J7,1.45,1.5u5,1.54,1.5b3,l.GJ 
i»a A 0, .05, . 1 1 , . 1 / , . 2 7, 1 , 1. 1 , 1 . 2, 1. 2«, 1. J5 5 , 1 .4 , 1.4 5, 1 .4K, 1 . 5 1 
o; l A 0 , . 0 5 , . 1 , . 2 , . 4 , . li , , y 7 . 1 . 1 , 1 . 2 , 1 , 2 7 , 1 . J J , 1 . J 7 5 , 1 . 4 , 1 . 44 
i)i\TA 0, .Ou5, . 1 J, . 1 ti, 1 J, . 7, .05, . 5b, 1 .Uii, 1 . lo, 22, 1. 20 5, 1 ..iu5, 1 . J1 5 
KATA 0, . 05. . U y, . 15, . J, 1.05, 1.15,1. 22, 1.2U,l.JJ5,l, JO, 1.4 25,1. 455, 1.5J 
OATA 0,.U55,.l,.2,.Jl,.05,l,l.l,l.n;,l.24,l.2b.l.J4,l.Jb,1.4i 
DATA O,.U5,.115,.2,.4,.0,.y5,l.O5.1.15,1.2,1.2J5,1.2b5,l.J,l.J5 
DATA 0 , . 0 y , . 1 4 , . 2 , . 4 , . 0 , . 7 , . 0 , . 5 1 , 1 , 1 . 0 5 , 1 . I , 1 . 1 5 , 1 . 2 J 
OAT.v 0, . Ou, . 1, . 15, . 25, . y, 1.1, 1.15, 1.2, 1.25,1. 205, l.J,l.J5,l. 4 J 
DATA 0, . 05, . 1, . 15, . 2, .4, .0,1, 1.1, 1.17,1. 21, 1.245,1. 275, 1.J2 
JA i A 0 , . U 5 , . 1 , . 1 5 , . 2 , . 4 , . 0 , . 0 , . y , 1 , 1 . 1 , 1 . 1 5 , 1 . 1 y , 1 . 20 
DATA 0, .0 5, . 1 , . 1 5, . 2, . J5, . 7 . . 70 5, . 0 2, . y, . V5, 1 , 1.0 7, 1 . 1 5 
OATA 0, . UJ, . 07, . 1 4, . 2J, . y, 1, 1.1, 1.10,1. 2, 1.2J, 1.245, 1.20,1. 2 y 
DAI- A U, .0 J, .0 0, . 14, . 21 , . J5, . 7, .Ob, . J7, I .04, 1 .oy5, 1 . 1 2 5, 1 . 14 5, 1 . ly 
DATA 0, .04, .00, . 1 5, . 224, .4, .0 5. . 7b, .04, .y 2, .yy, 1.04 , 1.0 7, 1 . I J5 
DATA 0, . 05 , . 1 , . 1 5, . 2, . J5 , . 5 5, . 7 , . 0, . iH) , . yo5, . y4 , . y V, 1 . U J5 
DATA U,.o 5,.1,.17,.25,.4,.40,.5,.5J,.54,.545,.55,.5O,.5C5 
OivT A U, . OJ, . 07, . 15, . 22, . 205, .Jy 5, .45, .40, .5,. 52, .5J, .5J5,.54 
DATA o , . 0 J , . 0 7 , . 1 5 , . 2 J , . J , . JO 5 , . 4 1 5 , . 4 4 5 , . 4 b 5 , . 4 0 , . 4 y , . 5 , . 5 I 5 
OAiA 0, .0 J, .0 0, . 1 , . 1 5, . 2 5, . J, . J J5, . J05, . Jy, .4 05, .42 5, .44, .4 7 
DiviA 1 .44, 1 .4 , 1 . J7, 1 . J5 5, 1 . J45, 1 . J1 , 1. 2'J5, 1. 2b, 1. 10 , 1 .0 7, .y, . 7, . J7,0 
OATA l.4,l.J5,l.Jl,l.2y,l.2;,1.25,1.24,1.2,1.15,1.00,l,.o,.5,0 
DATA 1 . J4, 1 . J, 1 . 27, 1 . 2 J5. 1. 2 1 , 1 . 155. 1 . 10, 1. 1 J5, 1.0 7, . yy, .00 5, . 7 5, . 0.0 
«)Al A 1 .25, I . 2. 1 . 1 7, 1 . 1 5, 1 . 1 J5, 1 . 1U5, 1.005, 1 .04 5, . y 75, . y, . 0. .0, .4,0 

DATA 1 .02, 1 . JO, 1 . J5, 1 . J2 5, 1 . J15, 1. 2 0, J . 2 7 . 1. 24 5, 1 . 1 55, 1 . 1 I , 1 , .0, .0,0 

DATA l.Jw,l.J2,1.2y,1.255,1.245,i.22,1.2O5,1.10,l.lJ5,l.oa,l,.U,.5,0 
DATA 1 . i2, 1 . 2 75, 1 . 24 , 1 . 2 1 . 1 . 1 y. 1 . lo5, 1 . 14, I . 1 , 1. UJ, .505, , y, . 0, .0,0 
data 1 . 2 7 , 1 . 1 7 , 1 . I j , I . I 25 , I . 2 1 , 1 . 00 5, I . o7 5, I .05 5, I . V) I , . 54 5, . oV , . ; y , . 0 , 0 

DA-J/v I .4, 1 . J4 5, I . J2, 1 . 3. 1 . 25, 1. 20. 1 . 25, 1 . 24 , 1 . 22, 1 . 1 7, l.uy, 1 , . 55,0 

DATA l.J0,l.J.1.27,1.25,1.2J5,1.21,l.M.l.l0.1.lJ.l.U7,l,.04,.b75,(j 
OATA 1 . , 

DATA l.i 
D A T A 1 • . 

DmIA 1.. 

DA TA 1.275,1.2)5,1.2 0 5,1.17,1,14 5,1.125,1.1,1.01 


1.05, 

. y 3 , . 0 J , . 0 , 0 

.54,. 

00, .75, .45,0 

.12,1 

.OJ, , 07, . 05, . 4 J,U 

1.05, 

. 5 5 , . 7 y , . 0 , 0 

,1.05 

, .yy, .y, . 7 7 . . 02,0 


y.iO 

dAI.v 

1.225, 

1.15,1 

1.1,1.075 

, 1 . 0 J 3 , 1 . J J , . y 5 , . 5 5 , 

. ou5,.JI,.7, .57, . J,o 

5 ’} u 

DATA 

1. J05, 

1.24,1 

1.17,1.15 

, 1 . 1 2 , 1 . oy , 1 . 07 . 1 . o J, 

.y.i, .y, . 0 , . 0 , . j5,o 

00 0 

DAI A 

1.27, 1 

.2 J. 1 , 

.n.,1.12. 

1.05,1.07,1.04,1. 00 5, 

. yo 5, . 5 1 , . 7 5, . 5, . 2 3. 

0 1 0 

DATA 

1.215, 

1.10,1 

1.11. 00, 1 

. 0 J, 1 , 00 5 , . Vu5 , . J 5 , . y 

, . A 4 , . 7 5 , . 5 5 , . J , 0 

020 
0 JO 

data 

LAD 

1 . 1 0 5 , 

l.uy,! 

1.055 , 1 . 0 

2 , . y y , . 5 5 5 , . y J 5 , . J 1 5 , 

.i75,.u2j,.75,.02,.4, 
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CUAKCL r»lRU-l*UT 


lU ! "UA1’A4^" 

I'j urriuM l>A;.L I 
20 iJlit tiu , 1 4 ) » VG (A , U ) 

JO 1 LRLAI L "iJAfAA'' , 1 0, 706 
4 0 AGSiOUi/ I TU "DATA4" 
bo lui; ll-i iU i> 

0 0 ruu i=»i To 4 
7 0 lou J“l T(i 14 

00 I'J.AO 00(i»J) 

yu iilaI j 

10(1 l.U.vl L 

1 lu V\\ I mil 1 ,11 ; DO ( , ) 

120 ii 

I Jo l ull u«l To b 
140 lull L»l To 4 

1 b 0 run 1 1 " 1 1 u 14 

KiO ilUAD Vo(L,tl) I UIAIU;i: VUl.TACL 
I/O IHIXI .1 
lao II L. a L 

190 niliTi'i/ l,ub ; vo(,) 

2 00 iirxi u 

2 10 ASolOlU 1 To * 

22 1 DATA . 1 , . JO, . 5 2, .0 5, . 7b, . U4 , . 9, 1 , 1 . I 
2il data . 

241 DATA . 

2 b 1 DAl A . 

201 DATA . 

271 DATA . 

201 DATA . 

291 OAIA . 

JOl DA I A . 

Jll DAI' A . 

J2l Di.TA . 

JJl DA I A . 

J41 data . 

Jbl DATA . 

JOl DATA . 

J71 DATA . 

Jlil DATA . 

J9l DATA . 

401 DATA . 

411 j)ATA . 

421 data 1 
4Jl DAI' A I 
4U DATA I 
4b I DATA I 
401 DATA I 
471 DATA 1 
401 DATA 1 
4Jl DATA 1 
bOl DATA 1 
511 DAIii 1 
521 DAT A 1 
5Jl DATA I 
541 DATA I 
bJl data I 
501 data 1 
571 DATA I 
5.JI DATA 1 
5‘jl data 1 

D 0 1 Dii I 1 

Oil data 1 
02 1 l:id 


. 2, l . 27 5, l . J5, 1.4 J, l. 5 


.5,. 

75. . 

04 , . 

95. 1 

.04, 

1.15 

,1.2, 

1.27, 

1.35 

,1.4, 

1.43, 

1.5 

.5, . 

75,. 

035, 

.91 , 

.97, 

1.05 

,1.13,1.2, 

1.20 

,1.34 

,1.41 

,1.5 

. 4 , . 

00, . 

77. . 

07,. 

90, 1 

. OO , 

1.14, 

,1.22, 

1.20 

,1.35 

,1.43 

,1.5 

.20, 

. 305 

,.45 

, .54 

, . OH 

, . 0 , 

.9,1. 

.02,1. 

12,1 

.21,1 

.32,1 

. 5 

.35, 

.4 9, 

.0, . 

7 , . 0 2 , . 9 2 5 , 1 

.02,1 

L. 1, 1. 

10. 1 

.3,1. 

<♦05,1 

. 5 

.20, 

.39, 

.52, 

.05, 

. 70, 

.075 

, 1.09, 1 . 105, 1 . 

26, 1. 

32,1. 

4,1.5 

.4 3, 

.39, 

.71, 

.03, 

1.01 

, l.oa, 1. J5, 1.2 

1 , .275, 1 . 

35,1. 

41,1.5 

, .205, , 305, . 

535 , 

.00, 

.05, 

.94,1 

i . 01 , 1 

.09, 

1.10, 

1.29, 

1.4, 1.5 

305, 


5. .015,. 

79,. 

97.1 

.11,1.19,1 

.27, 

1.30, 

1.44, 

1.5 

. 34. 

.42, 

.51, 

.60, 

. 0 , . 

9,1. 

005, 1 

1.10,1 
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; 
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30 AIiSiGiI</ 0 TO "ill 112-5” U GOTvl OA 

OA ir G<-A HIGH Gl«l GLSi: Gl»2 I Gl-1 I'Oil GI10,2 TOK GGO 
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U- LOi/L!/ illGW LU**Ly \J COTU 51 J 
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voo l)AI/i 23J,2/J,2Ui,2‘JJ,JlJ 
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U21 il« TJ>-J1J TIlLil V2-i>llA)-(:i(l J)-ii(lA))''2/(S(12)-S(l J))*(TJ-T(IA))/(T(1A)-T(1 J)) GOTO t070 
1022 IT TJ<-25i THRU V 2 -0 ( I ) + ( S ( 1 ) -0 ( 2 ) ) ^ 2/ ( 0 ( 2 ) -0 ( J ) ) * ( T ( 1 ) -T J ) / ( f ( 2 ) -T ( I ) ) 0 GOTO 1070 
102'J Lt Li<2GJ niLU lobO 
1 0 J 0 J “ 1 5 
lOJj J-J-1 

lOAO U- iJ<T(J) THRU luJb 
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22 11 UR/vT J 
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2 ^ I li y “ 0 

22 lo U1«|)U 
2 21/ .i y - li J f I 
22lu llU«Ul/L)U 

2 21 J i 1-CLil, (K.U*LU/10*1U0U) /lOUU 
22JO IF UJ»1 1 1 UL;I 22UU 
22 J 1 i>«I 1 /Cl / Ul 

22J2 IF 0>1 TULii ll-.‘JU*/*Cl*Ul U rO-lU»*LU/ll U U-Il/Cl/Kl 
22Ji il li<.U5^« lilCil 1 l*.Ub j*Cl*Kl {J lO-UU^UO/ll Q li-ll/Cl/Kl 
22J^ C»l./i75 
22J!i L>.2 

220U CUJUli 7UOU U CuSUli '2UOU 

22/0 IF Z9>yU filLil CUi>U)i OUOU LLiiL GoSUJ ObUU 
2 2 7 3 I i>‘J-10 TllLil Rl-(Kl+R9)/2 U GOTO 2217 
22 7^ IF illtfUJ TIlCu lll-K‘J U GOTO 2217 
22iiU C4“ 1 -L»U 

2JUU IF L»b TUCil i 1»11*TC/1A 
2/ilO Ft) 11 1-1 iU b 
2A I 1 Kl.AI) G(i ) 

2A12 lie;:!* 1 

2 4 13 HA r A 2 5 3 , 2 7 3 , 2 G 3 , 2 U 3 , J 1 3 
24 2 U I’UA J’^l It) 4 
2 4 2 1 i\ L Al) 1 ( J ) 

24 2 2 iiC.;T J 

24 2 3 UAl/v . Ob, . 1 , . 2 , . b 

24 2*3 A-T3 

24 3U li = l l/Cl/lU 

24 3 1 C«^G4 

24 3 2 K«=.15 

24 34 t2(2)-l 

24 3U GUwUU 7u()t) 

24 4 0 C.oSLIil 7 300 
2442 GOGUu GUUU 

2 444 V3-=CCIC (;./U2* lOOUO)/ 1 0000 

244 b IF Li'b lUCii Tu-ROALo/lI 
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4000 ! WUIoUTi; G VOLUilCS 

400b IF cu-bo Itu::i bi(i)-y.32 o S2 ( i )- 1 !/. 2 G+int (y. uji *c i ^i . 2 1 1 5 + . 3) / lou 
4010 IF Cl>50 TllLO Sl(l)-11.90 U G 2 ( 1 ) - 2 4 . / b + IU T ( 1 0 . 0 GO *C 1 1 . 00 1 4 F . 3 ) / 1 0 0 
4 04 0 b2(2)»lin’( 12b*b2 (l)-F. 3) /loo 
4 04 1 GO (b) -4 3 7 

40 4 5 SO(5)«lilT(l0*S0(b)*Sl!jCl60/il)+.5)/l0 
40b0 U-=Gi:iL (U3/2G) U U 1 - 1 OT ( 0 3 / U * 1 00 + . 5 ) / 1 0 0 
4tibb G4 ( 1 )-■ . U220o*C 1 

400 0 S4 (2) «1. 32*. I 3/U*G4( I ) + . 0/5*10 
400 3 G4(3)».02*0 3 0 l>4(4)“2 4.yb 
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4 005 G3(l)»lili (Fl*(bl ( l)/2)''2*G2(l)*100 + .b)/100 
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4 Oo 7 F. 1 ( 3 J “ FLOOL (Gl (2)/4.4 0 4/ g1 (1) ) 

40GG G 1 (4 )«CL1 UU/G 1 ( 3) ) 0 b 1 ( 5 ) ^Fi* (11 J/O ) *U 
40i>y IF Gl(5)<,‘0 l.li.U GlC5)-Ci;iL(Gl(J)/lF(il3/U)/U) 

4 000 b 1(0 )«G1 (4 )-G I (5) 
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‘J13U a«a-i 

yi 33 IK o<=A5(a4-i , Ji ) Tiiaa yi3u 

■Jioo XI (l)-(0-A3(a4-l,li) )/(A5(l>4-l,a+l )-A5(li4-l,a) ) 

«Jlo3 oui’o ‘J21u 

yi7o II ^(i) = i raui yiuu 

yi7i a=i3 

9173 i» = a-i 

‘jiiio 11 o<-A3( 114+1 ,u) raaa yi73 

9 103 X2( 1 )»(0-A3(li4+l ,M) )/ (A3(J4+1 ,a + l )-A3(ii4 + l ,10 ) 
9 I JO J“l3 
9193 J-J-1 

92UO IK o< = A3 (U4>2 , J ) fllUa 9l95 

9 20 3 X J( 1 ) = ((:-A5(a4 + 2, J) ) / (A3(il^+2, J + l )-A3(U4 + 2, J ) ) 
9 2 10 IK XU(1)=U laail 9 2 23 

9 2 13 yu*U3(ll4,0 )-.;u( 1 )*(113 (ij 4,0 )-li5(U4,C+l) ) 

92^0 OOaO 92JU 

9 229 Y0 = lj3CA4,o) + ..0(2)*(U5(a4,0-l )“u3(ll4,0) > 

92 JU IK 114 = 1 raua 9203 
92 J 3 IK X1(17*=0 1:1 ‘J2 3U 

9 2^*0 \ 1 = 03(24-1 ,h)-.\l ( I ) *(03(04-1 ,a)-a3 (114-1 ,U + 1 ) ) 
9243 OOiO 9233 

9 2 30 V l«113(.i4-l ,a) tXl (2 ) *(05(114-1 ,11-1 ) -a 5(114-1 ,a) ) 
92 3 5 11 fili:a 920 0 

92 50 /. 9-VU + ;lO* (Y 1-YU) 

923 7 IILTUKU 

9200 X 9=f (04)-(04-YU) /(V l-Yu)*(T(04)-i (04-1 ) ) 

9201 KUIUUU 

9 2u 3 U X2(l)=0 IilKa 9 2 00 

9 2 70 Y2 = 03 (04 » 1 ,ll)-X2( 1 )*(03(i4 + l ,a )-03(04 + l ,11+1 ) ) 
9273 oolo 9203 

9 2 00 Y 2 «0 3 ( ** 4 H , »1 ) Ka 2 ( 2 ) * ( 0 5 ( 0 4 + 1 . a - 1 ) - 1. 3 ( :i 4 I 1 , lO ) 



l£-J 


vjiiij 11' j(i)»o Tiu.j ujuu 

V J-li3(li4 f2, J J( l) *(H‘)(a/ii2 . J )-u3(lWi+2, J n ) ) 

GOTO 'jJUD 

9 JUU V J-i;3UiA + 2, J > »-.vJ(2)*(ilD(!i^* + 2, J-1 )-U5(UA42, J) ) 
yjU5 n- »i( • )-l TilL.I 'J JlU 
y JOb 2y-YOi-:i2*(VO-Y2) *( (YU-Y2)/(Y2-Y J) ) 
yj0 7 KUTUUil 

yjio 2 y«r(uA)-(Y 0 -(:A)/(Y 2 -iu)*(r(i)AH)-T(aA))*(i (OA + i )-t(ua))/(1(i;A4-2)-t(U 4 + 1)) 
yjii Ki:iuun 

yji3 ir liA-A iJiLii yj-Oo 
yj2U ir C>A3(liA^l,7) TllLIl yAou 
yj2 3 .i«o 
yjjo ii-MH 

yjib ii c>-A5(aA + i,ii) TiiLM yjju 

y JAU aI (2)-(A5(UA + l .11 )-C) / (AbOiA + l ,1! ) -A 5 ( llA I- 1 , II- I ) ) 
yiAb GOTO yAob 

yjbu ir C>A3(liA-l,7) TllUil yA25 
yj33 U“0 
y jbO U« 1 H I 

yjo5 li- C>«A5(LA-1 ,11 ) TllLIl yJGU 

y 3 7U X 2 ( 2 ) - (AbdJA-l ,11 )-G) / (Ab(liA-l ,11 )-A3(l>A-l ,11-1 ) ) 
yj73 J»o 
y juu J»JM 

yjub IF C>-A5(CA-2,.I ) TIlLil yJllU 

yjyu :;j( 2 )»(Ab(lU- 2 , J )-G) / (A5(l>A-2, J )-A3(aA-2, J-l ) ) 

yjy!) Guru yAbb 

yAUU 11 TllLIl yj2 5 

yAui ii-ib 

yAub ii»:i-i 

yAiu ir G<“A3(i;A + i , 11 ) riiui yAu3 

yA l 3 a 1 ( l ) »(G-A3(bA + l ,11) ) / (A3(AA M ,11 + 1 )-A3(liA-f 1 ,11) ) 

yA20 Guru yAo3 

yA 2 3 U TilLil yj3 3 

yA2b il-l 3 

yAJu I1»1I-1 

yAj3 ir c<»A5(*iA-i , 11 ) riiLii yA Jo 

yAAU X2(l)-(G-A3(lJA-l,ll))/(A3(liA-l,lll l)-A3(liA-l,ll) ) 

•JAA5 J-13 
yA3u J-J-l 

yA33 U G<-A3 (lA- 2, J) TllLIl yA30 

yAliU X J( I )»(C-A3(IJA-2, J) ) / (A3(J>A-2, J + 1 ) -A 5 ( G A - 2 , J ) ) 
yA63 IF ;vU(l)»U TllLIl yAGU 

yA 7U YU-a3(iU ,G )-XU( 1 )* Ui3(liA ,G ) -» 3 ( iJ A , G+ 1 ) ) 
yA73 Guru yAG3 

yAoO YU-U3(LA,G)+.vU(2)*(li3(2A,G-l ) -i; 3 ( L A , G ) ) 

•JAob ii- GA-A rih.il y320 
yAyo IF xi(l)«iJ iiiLi. y5u5 

yAy3 V 1-B5(GA + 1 , 11)-L 1 ( 1 ) *(A3(liA + l ,11)-I;3(IJA4 1 ,11+1 ) ) 
y3uu Guru y3iu 

y 3 U 3 I l - G 3 1 U A + l , U ) 4 X u 2 ) * d* 5 1 U A I l , 1 1 - l ) - U 3 (li A + l , 1 1 ) ) 
y5lu ir wU)“l TllLIl 315 
ybii Ly-Yu-u d«(vu-v I ) 
y5l2 llLTULli 

y 3 I J) L y -T (ii A ) 4 ( Y U -G A ) / ( Y U -Y I ) * ( T ( G A H ) -1 ( G A ) ) 
y3ii> uLruuN 

‘J52U IF L2(l)-U 1111.11 y3J3 

‘132 3 Y2«G3(LA-l ,ll )-a 2( I )*di3(LA-l ,U)-L3(3A-l ,a + l ) ) 
y 5 JO Guru U5AU 

y 3 J 3 Y 2 3 (li A - I , a ) + ;, 2 ( 2 ) * ( G 5 ( 11 A - 1 , li - 1 ) -L 3 di A - I , 11 ) ) 

y3AU IF aJ( 1)»U rilLil y333 

y 3A3 V J-G3 (GA-2, J )-L J( 1 ) *('J3(lJA-2 , J )-113 (GA-2 , J + 1 ) ) 
y3 3u GuTu y3(iU 


y j»i> 3 ( 13 4 , j ) 4 ;; j t ^ ) * ( 3 ‘j ( jj a - ^ , j - 1 ) -i; 5 ( ii 4 -2 , j ) ) 

y'iou ir g(i)-i raiiii v:>05 

y3ol ZJ-VU-13 J*(Y2-yO)<^( (Y2-YU) / (V J-Y2) ) 

vjo 2 Kuruiui 

•J3 6‘J (.•,A) + (CA-YU)/(YU-Y2)>(I(iiA)-T(UA-l))*(l (l3A)-r(liA-l))/a(UA-l)-HuA-2) ) 

y!>7o utruuii 


F-JJ 


lu I ";)ata;»*" 

13 oi’iion liVJL 1 

20 i)iU ^0(4, 14), 00(4,14) 

JO I UiOATi: "UATA3" , 2, 70U 
4 0 AbSLoUlf I TO "0A1A5" 

3 J F O il 1 « 1 f 0 4 

0 0 Foil J»1 TO 14 

70 KLAl) 00 (I, J) ! MFL YLAUS 

00 .ILAl' J 

‘JO ui::a i 


I'll 10 L'l? 

M 

; 1 

^0 (, ) 

Foil 1 

» 

1 TO 

4 


Foil J 


1 10 

14 


11 LAO 

VO(i, 

J) 

! 00 0 

Of. XT 

.1 




0 LMl' 

L 




FllliUlf' 

1 . ^ 

> 

vo(,) 

ASiilO 

.U 1 

TO 

A 

OATA 

0 

..3, 

.7. 

1.2,1 

DATA 

0 

. • 3. 

.05 

,1.03 

OATA 

0 

. .4, 

.‘3» 

1.45, 

OAIA 

0 

..5, 

1. 1 

. 0, 2. 

OATA 

1 

.04, 

. 505 , . 52 

OATA 

. 

yy. . 

5 J5 

, . 00, 

OAiA 

• 

5 3, . 

00, 

. 005, 

OATA 

. 

7b, . 

705 

, . 00 , 

LOO 






lO ! "OArAG*” 

15 ulTluU IJAbl. 1 

2 0 0 i:i VO (4, I 4 ) ,1)0 (4 , I 4 ) 

JO 1 CUFATO "OAIAG'*, 2, 760 
40 1 TO •'UAfAO” 

50 Foil i»l TO 4 

0 0 FOK .1-1 TO 14 

7 0 l;FAO 00 (I, J) 1 ClIAKCF 
no liKXl J 
yo illiXT I 

1 00 ini lUTif 1,1 ; 00 ( , ) 

1 10 FOii 1-1 TO 4 
120 Foil J-1 TO 14 

1 JO ilLAI) V0(1,J) ! JLFTII OF 0 1 S -C II AllO L 

140 .iLXT J 
150 OLXr 1 

1 00 FRlliTV 1,2 ; Vo(.) 

1 ill) .725, .U15, . VOb, .H'Ji, 1 . ua, I. 105. 1 . 255, 1. J5, 1.47,1, 4 <J. 1.6 

lyo OAT A 0 , . 0 , . 043 , . 7J, . Iil5, . OU, . 'J 55, 1,0 25, 1.005, 1.15,1. 22, l.J,l. 4,1.0 

2 00 DATA ij, .0, .045, . 7 J, .00, . y J5, 1 , 1 .05 5, 1 . 1 1 , 1 . 1 3, 1 . 2, 1 . 275, 1. J5, 1. b 
220 OAT A O,.o,.045,.7J,.u0,l,l.u0,l.l,1.1425,l.ly,l.2J5,1.2y,l.4,1.0 

2 JO OATA U,. 50, . 0 , .05, . 7, . 7J5 , . 7 5 7 5 , . 7 7 . . 7 7 7 5 , . 705 , . 7'J. .7'J5, .75 5,.7y2 5 
240 02\T'2\ o, .5o, .0, .075, . 7J, . 705, .0, .025, . 04 5, .00, .0/25, .00, .007 5, .0‘J 
2 50 OATA 0, . 50, .0 , .0 75, . 7 05, .OJ, . 00 5, .O'J, .51 , .52, .yj, .9 4, .V4 5, .'J5 
27 0 OATA 0 , . 5b, . 0 , .075, . 705, .. J y, . 5 J5,.yo,. 5025,1,1.00/3, 1.01, 1.005, .55 5 
200 too 




10 ! 

1 !i 0 1 i Loti i: All i. I 

ZU i)ia Do (A , 1^:. ) , V t. (4 , W» ) 

4U ! Ci.LAli: "DA lA 7", lO, 7‘iD 
bu AliSlol.ft I nj "d\TA7" 

■j 5 I'iju u»l ru li 

0 0 FOU l»l i'O 4 

70 I 01 . J»1 To 14 

00 iti.Al) DOU.J) I DOU 


1 DO 

l.L.vl' 

J 




1 ID 

.ii:at 

1 




1 2U 

i K ii. 


1,11 ; D0( 

») 


1 JU 

ii K aT 

11 




140 

roi'. 

1 

TO 5 



1 50 

roll 

L- 1 

TO 4 



1 00 

l or i 

:i- 1 

1 J 14 



1 7 0 

ULAD 

Vli(L,;i) l DlSCIlAiU.L ' 

1 00 

ODaI 

a 




1 yo 

DL>:r 

L 




20D 

n; u. 


1,LI5 ; V0(,) 


210 

iii:xr 

I. 




220 

AOS 1 Ci D ff 

1 TO * 



2 JO 

DATA 

0, 

.025, .00, 

.10 5, 

.10, 

240 

DATA 

0, 

.025, .055 

. . 1. . 

l/i, 

2 50 

DATA 


.025, .055 

. . 1. • 

17. . 

2o 0 

DATA 


, 0 2 , . U 5 5 . 

.oy5. 

.10 5 

2 7o 

DATA 


.025, .Du, 

.105, 

. 10, 

200 

DAf A 


. 02 J, . t)5 5 

. . i. . 

17,. 

2yo 

DivTA 

1' » 

.025, .055 

, .0*35 

, . 10 

300 

data 

0, 

. ti 2 , . U 5 , . 

0 y 5 , . 

105, 

JlO 

DA i A 

0, 

.02, .055, 

. 1, . 1 75, . 

120 

data 

0. 

.025, .055 

, .oy5 

, . 10 

3 10 

DATA 

0 , 

.02, .05, . 

oys, . 

lb,. 

3 4 0 

D A r A 


. 02 , . U5, . 

0 y , . 1 5 5 , . , 

350 

DATA 

1). 

.02, . 055, 

.oy5. 

. 105 

300 

DAIA 

0. 

.025, .05, 

.oy , . 

155, 

3/0 

DATA 

0. 

.025, .05, 

.oy, . 

15, . 

JOU 

DATA 

0. 

.02, .05, . 

0115, . 

15, . 

jyo 

data 

D , 

. 0 2 , . 0 4 5 , 

.00, . 

135, 

400 

DAIA 

0, 

.025, .04, 

. 075, 

.125 


.075. 1. ly. 1.255, 1.27 


14 


4lU DATA 0. .0 2, . 04, .0 7, . 1 25, . 2 2, .Oi, .00, . 71, . / J, . 7 J, .00 5, .0 5, .00 
4 20 DATA 0,.Ul5,.04,.07,.1 2,.215,.0 15,.005,.b‘J5,.715,,715,.7y,.OJ,.;;4 
4 JO DATA I . 75, 1 . 00 5, I . 545, 1 . 505, 1. 4D5, 1. 4 75, 1. 4 , 1 . J7. 1 . J1 5, 1 . 245, 1 . 01 5, .‘J4, . 04, 0 
44 U data l.ol5,1.4‘J,1.425,i.JV,l.J7,l.J0,1.2y.l.205,1.215,1.15,.y4,.07,.7i;,0 
4 50 DATA 1 . 50, I . 4 J, 1 . J/5, 1 . J45, 1 . J25, 1 . J1 5, 1 . 245, 1 . 2 2, 1 . I 75, 1 . 1 1 , . 01 , . 04 , . 75 5,0 
4 00 DATA 1. 50 5. 1. JO, l.JJ, 1.2^5, 1.273, 1.27, 1.20 5,1. ID, 1.U5, 1.075, .00.. 015, .7J,0 
4 70 DATA 1 . 7 1 , 1 . 505, 1 . 50 5, I . 40 5, 1 .445, I .4 J5, 1. 30, 1. JJ, 1 . 2 75, 1 . 205, .'J75, .0, .U,0 
4 DO DATA 1 . 5 7 5, 1 . 4 5, I . Jo5, 1 . 35, 1 . J J, 1. J2, I . 25, 1 . 225 , 1 . 1 7 5 , I . 1 1 , . y. . li 3, . 74 , 0 

4 y 0 DA r A I . 5 2 , I . J y , 1 . 3 3 5 , 1 . 30 5 , 1 . 2 It 5 , 1 . 2 7 5 , 1 . 2D 5 , 1 . 1 tf , 1 . 1 3 5 , 1 . 0 7 , . 0 7 , . 0 , . 7 I 3 , 0 

50 0 DA I’ A i .405, I . J4 , 1 . 2'J, I . 255, I . 235, I . 2 J, 1 . l05, 1 . 14 , 1 .oy 5, 1 .0J5, . 04 , . 7 7 5 , .Oy, 0 

5 ID data j . Oy , 1 . 54 5, 1 . 405, 1 . 44 5, 1 . 425, 1 . 4 I 5, I . 34 , 1 . 31 . 1 , 255 , 1 . 105, . ‘J55, . lit;, . 7f,0 

5 2 U DATA 1.55 5,1.42,1.305.l.3J,1.3l.l.3,l.23.l.2U5.1.l55.1.0y..0D,.0l,.72,0 

5 3 U DATA I . 5 , I . 3 7 5 , 1 . J 1 5 , 1 . 2 D 5 . 1 . 2 0 5 , 1 . 2 5 5 , 1 . 1 0 5 , 1 . 1 0 , 1 . 1 1 5 , 1 . 0 5 , . D 5 , . 7 0 , . 0 y 5 , 0 
54 0 DATA 1.445, 1.32, 1.27, 1.235, 1.215, 1.21, 1.145, 1.12, 1.075, 1.015, .02, .735, .07,0 
5 50 DATA l.0;,1.525.1.4l)5,1.425,l.4i)5,1.3y5,1.32,1.2y,l.235,1.105,.y35,.00,.70,U 
50 U DAI A I . 5 3 5, 1 . 4 I , I . 34 5, 1 . J I . I . 2y, 1 . 20, 1 . 2 1 , 1 . 105. 1 . I 35, I . 0 7 , . 00 , . 7y, . 7, 0 
5 70 DAiA 1 . 4L, 1 . 35, 1 . 2y5, I . 205, I . 24 5, 1 . 2 15, I . 105, I . 14, 1 . 0V5, 1 . 03, . 03, . 70, . 075, 0 
5 00 1 »A r A 1 . 4 2 5 . 1 . J , 1 . 2 5 , 1 . 2 I 5 , I , I y 5 , I . 1 y , I . 1 2 5 , 1 . 1 , I . 0 5 5 , . y y 5 , . 0 , . 7 3 5 , . 0 5 . 0 
5yu DA A 1.0 3, 1.4 05, 1 . 425, 1 . 305. 1 . 105 . 1 . 155, 1 . 20, 1 . 25, 1 . 1 y 5, I . 1 2 5 , . 0 y 5 , . 0 2 , . 7 2 , 0 

0 JD iiATA 1 .4y 5, I . 30 , I . 3 1 , 1 . 2 7, I . 25. 1 . 24 . 1 . 1 / , 1 . 1 4 J, 1 .oy 5, 1 . 0 J, . 0 2 , . 75, . 06, 0 

0 I o DA 1 A 1 . 4 4 , 1 . 3 1 , 1 . 2 5 5 , 1 . 2 2 5 . 1 . 2 0 5 , 1 . 1 y 5 , 1 . 1 2 5 , 1 . 1 . 1 . 0 5 5 , . y y . . 7 y , . 7 2 , . 0 3 5 , 0 

0 2 0 l» A I A I . J 0 J , I . 2 0 , I . 2 1 , I . 1 7 5 , 1 . 1 5 5 , 1 . 1 5 , 1 . 0 5 , I . U 0 , 1 . J 1 5 , . y 5 5 , . 7 0 , . (» y 5 , . 0 I , D 

0 3u Ll.D 


F-J5 


10 ! "UAIAIJ*" 

15 Ol’lIUU liASL 1 
2 0 :> 1,1 1)0 (4 . W* ) , VO (A , U ) 

JO ! CU.AfL "JATAU", 10, 7oa 
4 0 ASaiLrili* 1 10 "DArAO" 

30 1U.{ U-l TO 3 

0 0 roil i«i 10 4 

7 0 I- DU J»1 lo 14 

ao IlLAO U0(1,J) ! CIlAKlit: rilKU-l*UT 

9 0 WliXT J 

100 .ii:;;t i 

1 10 ruiiir./ 1 ,11 ; 1)0 (, ) 

12 0 N i: XT 11 

1 io i*ou i>i 1*0 3 
140 lull L-1 To 4 

1 3o ruu ii»i 10 14 

100 II LAI) VO(L,il) 1 CIIA1U.L VOLT AO L 
i?o uL.vr a 


1 00 
1 90 
200 
2 lo 
221 
2 J1 
2 4 1 

2 3 I 
201 
2/1 
201 

29 1 
JOl 
J1 1 
321 
331 
341 
331 
301 
37 1 
301 

3 9 1 
40l 

4 1 i 
421 
4 31 
4 4 1 
4 3 I 
40 1 
4 7 1 
401 
49 1 

30 1 
31 1 
321 
3 31 
34 1 
33 1 
301 
37 1 
3ul 
39 1 
001 
3 1 1 
02 1 


OLXT L 
I'll I o r i/ 
IiLaT U 
AOli LOU if 
DATA 
DATA 
DATA 
DATA 
DATA 
DA I* A 
DATA 
0 AT A 
DATA 
DATA 
DATA 
DATA 
DAI* A 
DATA 
DATA 
DATA 
DiiTA 

DATA 
DATA 
DATA 
DATA 
DA I A 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DA I A 

data 

U.D 


,k+3 ; V0(,) 


I lu 

, • 2 , • 
, . 2, . 
. . 2 , . 
, .2, . 
, . 2 , . 
, . 2 , • 
, • 2 , • 
. .2, . 
. .2, . 
f • 2 , • 
» . 2, . 
,.2,. 
, . 2, . 
,. 2 ,. 
, .2, 

, .2, 

» • 2 , . 
, • 2 , • 
, • 2 • • 
..2,. 
47/3, 
4075, 
493, 1 
303, 1 
4 3 7 5 , 
4 4 7 3 , 
453. 1 
403, I 
4 1/5, 
4 2 7 3, 
4 33, I 
44 3, 1 

34 73 , 
40/3, 
4 13,1 
423, 1 

35 75 , 
30 7 3 , 
3 / j , 1 
3o3, 1 


J..5, 

2. . 5, 

J..5, 

3. . 3, 
2. .5, 
J..3, 
J..5, 

2. . 3. 
3 , • 3 , 

3. . 5, 
J..5, 

3, • 3 , 

3. . 5, 
3 , • 3 , 

3. . 3, 

3. . 3, 
3 , • 3 , 

3. . 3, 
3 , • 3 , 
3 , • 3 , 
1 • 4 6 j 
1.493 
. 5023 
.313, 
1.443 
1.433 
. 4023 
. 4 7 3 , 
1.423 
1.433 
• 4 4 2 3 
.433, 
1.403 
1.413 
. 42 2 3 
. 433, 
1.303 
1.3/3 
. 3025 
.393, 


. 0 , . 7 , . 

> o , • 7 , • 

, 0 , • 7 , « 

> 0 , • 7 , • 
,6, .7,. 

> 0 , . 7 , . 
,0. . /, , 

. 0 , . 7 , . 
‘0,.7,. 

0 , . 7 , . 
.0,./,. 
.0, . 7 . . 

> 0 , • 7 , • 

0. .7.. 

I 0 , . 7 , . 

I o , . / , . 

. 0 , . 7 , . 
0, . 7, . 

> j , • 7 , • 
0..7,. 

,1.4923 
I . 302 3 
,1.31,1 

1 . 322 3 , 

, 1.4323 
, 1.4023 
,1.47.1 
1 .4U23, 

, 1 . 3323 
1.4423 
,1.43,1 
1 . 4 o 2 3 , 
,1.4125 
1.4223 
,1.43,1 
1.4423, 
,1.3723 
1 . JD23 
, 1. 39, 1 
1.4025, 


U, . 953, 1.07,1 
o, . 9 33, 1.07, 1 
U , . 9 3 5 , 1 . 0 7 , 1 
D, . 93 5 . 1.0 7 , I 
0, .953,1.07.1 
3 , . 9 3 3 , 1 . 0 7 , 1 
0 , . 9 5 3 , 1 . 0 7 . I 
U, . 933 , 1.0 7 , I 
0, .933, 1.07,1 
3 , . 9 3 3 , 1 . 0 7 , 1 

3. . 953. 1.07.1 
B , . 9 3 3 , 1 . 0 / , I 

3. . 9 55, 1.07,1 
D, . 93 3, 1.0 7, I 

3. . 933. 1.07.1 

3. . 93 3, 1.07, I 
3 , . 9 3 3 , 1 . O 7 , 1 

3. . 933 , 1.0 7, I 
3 , . 9 3 3 , 1 . 0 7 , 1 
3 , . 9 3 3 , 1 . 0 7 , I 
, 1.3075, 1.313 
, 1.31/3, 1.323 
. 32 73, 1.5 35, I 
1. 34 , 1 . 34 7 3, I 
, 1 • 4 0 2 3 . 1 . 4 7 3 
. 1.4 / 7 3, 1.403 
.43/5,1.493,1 
1.3, I . •) 0 / 3 , 1 . 
,1.4473,1.435 
, 1.43/3, 1.403 
. 4 C. 7 5 , 1 . 4 7 3 , 1 

1.43.1.4373.1 
. 1.42 73, 1.4 33 
,1.4373,1.443 
. 44 73, 1.4 33, 1 

1.40.1.4073.1 
. 1. 3375, 1. 395 
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This appendix contains data printouts and curves which are discussed in 
Section 4.0 of the main body of the Electrochemical Energy Storage Subsystems 
Final Report. The exhibits contained herein are as follows: 
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Exhibit Id. Depth of Discharge (Capacity Variable) 
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Exhibit Id, Depth of Discharge (Capacity Variable) Continued 
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10. U25 

9.225 
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Exhibit le. Depth of Discharge (Capacity Variable) Continued 
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Exhibit 2a. Cell Life (Capacity Variable) 
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Exhibit 2a, Cell Life (Capacity Variable) Continued 
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Exhibit 2b. Cell Life (Capacity Variable) 
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Exhibit 2b. Cell Life {Capacity Variable) Continued 
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1 .004 
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Exhibit 2c. Cell Life (Capacity Variable) 
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Exhibit 2c, Cell Life {Capacity Variable) Continued 
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Exhibit 2e. Cell Life {Capacity Variable) Continued 
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Exhibit 3a. Depth of Discharge (Capacity Fixed) Continued 
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Exhibit 3b, Depth of Discharge (Capacity Fixed) Continued 
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Exhibit 3c, Depth of Discharge (Capacity Fixed) 
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3 32 1 

3782 

4165 

4602 

5265 

6 148 

7 34 5 

10304 

2 18 2 8 

N u i:i b e r o i Parallel li a 1 1 e r 1 e s 

27 

31 

35 

39 

4 5 

53 

05 

92 

204 

M u iti b e r o 1 Modules p i! r battery 

0 

8 

3 

8 

8 

8 

8 

8 

8 

battery Cell Wciglit (Kg) 

2.027 

2.027 

2.027 

2.027 

2.02 7 

2.027 

2.027 

2.027 

2.027 

battery Ceil Volume (Crn'^J) 

725 

725 

725 

725 

725 

725 

725 

725 

725 

CSS Weight (Kg) 

09 9 5 

10047 

106 74 

12017 

14 105 

16319 

20298 

26697 

54 726 

CSS Vo 1 u Me (H*' J ) 

59.216 

6 1 . 208 

74.020 

76.509 

91.811 

107. 110 

137.720 

183.620 

397.850 

MFC CYCCC COSTS (iy«l)M$) 
DUT6.C Cost 

14.181 

15. 880 

16.357 

17.518 

19.273 

21.503 

24.712 

32. 288 

61.929 

P roil net Ion Coot 

35.002 

39.440 

42.112 

46.477 

53.316 

60.956 

73.501 

9 7. 322 

190.226 

Operations Maintenance Cost 

109 7. 4 3() 

731.862 

651. 932 

540.252 

514. 318 

480.076 

582. 707 

010.981 

1 333. 554 

CSS CIFC CYCCC COST 

1147.219 

736.682 

710.401 

604. 247 

586.907 

562.595 

680, 980 

740. 591 

1591. 709 

Solar Array Cost 

734 . 224 

721.153 

698.498 

700.553 

701.129 

706. 794 

691.414 

716.293 

731.094 

T h e r w a 1 Control Cost 

1 3. 299 

12.879 

1 1 . 998 

12. 383 

12.559 

13.172 

12.623 

14.450 

15.918 

Power Conditioning Cost 

3.272 

3.679 

4.078 

4.469 

5.046 

5. 797 

6,893 

9.254 

18.180 

TOTAL LIFC CYCCC COST 

1898.014 

1524 . 393 

1424.975 

1321.052 

1305.641 

1288. 358 

1 iVl . 9 10 

1480. 594 

2356. 901 


Exhibit 4c, Celt Life (Capacity Fixed) 


EOL Max. DoD Total Cells in Parallel Hardware Life Cycles 
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Exhibit 4c, Cell Life {Capacity Fixed) Continued 


SS'D 


) 


u:u 2 5UKW KSS (IllCd) 

LOL im:kfokiianck i*akaiii:ti:ks 


llarUw.jre L J 1. e Cycle*; 

1 7 

10 

8 

6 

5 

4 

4 

3 

1 1 a X i in u III 8 a 1 1 c r y Life ( Y t ) 

1 . 700 

2. 800 

3.900 

c 

c 

6. 1 00 

7 . 200 

8. 300 

9.4 00 

Hated C c? 1 1 C a |> a c i t y (All) 

5 0 

5U 

50 

50 

50 

50 

50 

50 

Maxi mum Depth of DLscharj'c 

. 4 04 

. 4 26 

. 373 

. 330 

.287 

. 244 

.19 7 

.141 

Operating T e r.ip e i* a t u r e ( d c - K ) 

28 3 

28 3 

283 

283 

283 

283 

28 3 

283 

]lax. Disch.irije Current (A) 

35.085 

30.4 70 

26.927 

23, 630 

20. 6 76 

17.410 

14. 294 

10,068 

ilLnlinum VoltaiiC (V) 

1.054 

1.063 

1 . 088 

1.094 

1.10 9 

1,117 

1.148 

1.151 

Ucchari;e Fraction 

1. 00 5 

1.005 

1 . 008 

1.023 

1 .040 

1.061 

1 . 082 

1.133 

Chari,e Current (A) 

24. 1 99 

21 .016 

18.627 

16.601 

14.764 

12.678 

10.624 

7.833 

Chai;;o Voltage (V) 

1.735 

1.705 

1.670 

1.668 

1.655 

1.654 

1.618 

1 . 630 

Watt -Hour efficiency 

. b0 5 

.621 

.646 

.64 1 

,644 

.636 

.656 

.62 3 

Fll YS tCAL CIIAKACTKIlloTlCS 









■foetal J uni her ot Cells 

8118 

92 7 2 

10234 

1 1 564 

13104 

1 54 28 

18306 

2 5 7 6 0 

Humber of F a r a 1 1 e 1 U a 1 1 e r 1 e s 

06 

76 

86 

98 

1 1 2 

133 

162 

230 

(lumber of ilodules per llattery 

lo 

8 

8 

8 

8 

8 

8 

8 

Uatr. ery Ceil Weight (Ug) 

2.027 

2,027 

2.027 

2.027 

2.027 

2.027 

2.027 

2.027 

liattery Cell Volume (Cm^ J) 

725 

725 

7 25 

725 

7 25 

725 

725 

725 

CSS Weight (Kg) 

2 3 3 9 3 

2 509 2 

26 79 7 

31135 

3 32 33 

397 1 5 

4 748 1 

64566 

L S 8 Volume ( »‘l 3 ) 

165. 370 

1 5 3.020 

168. 320 

1 98. 920 

214.230 

260. 1 30 

321. 340 

443. 750 

LIFL CYCLL COSTS (108011$) 









DDTAK Cost 

18.453 

20.287 

21.866 

24.127 

26.643 

30.542 

35. 338 

47.684 

I’rodtic t Ion Cost 

83.226 

90. 718 

97.654 

111.389 

121. 198 

142.886 

169.149 

230.844 

Operations & Maintenance Cost 

3077.583 

1763.667 

1 578. 031 

1338. 1 1 1 

1265.560 

1192. 581 

1440.578 

1518.138 

KSS LIFL CYCLL COST 

3179.262 

1874.672 

1697.551 

1473.627 

1413.401 

1366.009 

1645.065 

1 796. 666 

Solar Array Cost 

1 538. 59(> 

1506.831 

1456.555 

1462.803 

1463.043 

1475.518 

1442.767 

1494.967 

Iheriiial Control Cost 

25.832 

24. 504 

22.114 

23.190 

23.578 

25. 153 

23. 738 

28. 338 

Power Conditioning Cost 

6, 982 

7.8 70 

8.739 

9. 763 

10.934 

12.649 

14.952 

20.127 

TOTAL LIFL CYCLL COST 

4750.6/2 

34 1 3. 87 7 

3184. 959 

2969. 383 

2910.956 

2879. 329 

31 26. 522 

3340.098 


J 

1 0. 500 
5 0 

. U() J 
j 

/«. 5A I 
1.215 
1.255 
J . 5 I 3 
1 . 5«U 
.013 


5A570 

510 

a 

2.02 7 
725 

970.320 


95.021 
A 70. 04 0 
3321.501 


3804. 148 
1 52 5. 000 
31 . 001 
30.54 I 


5401.580 


Exhibit 4d. Cell Life (Capacity Fixed) 


EOL Max. DoD Total Colls in Parallel Hardware Life Cycles 
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Exhibit 4d, Cell Life (Capacity Fixed) Continued 


Ot^D 


GLO 


2bKVi LGS 


(lliCd) 


CUL rLUl-OlUIAUCL I'A RAIIGT IlKS 
llnrdvJiii'c LlEu Cycles 
;iaxl<nui.» IJ<jlLery Llle (Yr) 

KaLed Cell Capacity (All) 
(laxlinurii Depth of Discharge 
Opera tin,; temperature (de^j-K) 
Max. Discl»ari;e Current (A) 
MluLiiiutii VoltaiiC (V) 

Uecliariio Fraction 
CliariiO Current (A) 

Charlie Voltage (V) 

\Jatt-Hour Cftlclency 

IMIYS ICAC CIIAKACTCKISTICS 
Total Number o t Cells 
Nut.iber ol Parallel batteries 
Number u C r 1 o <1 u I e s per battery 
battery Cell Weight (JCg) 
battery Cell Volume (Cm'^J) 

Cbb Weight (Cg) 

CSC Vo In Me 

biFC CYCU: COSTS (1‘jboii:^) 
l)l)Ti.L Cost 
Production Cost 

Operations & Maintenance Cost 

CSS LiFi: cYcu: cost 

S o 1 a r Array Cost 
Thermal Control Cost 
Pov/er Cond 1 1 lonlng Cost 

TOTAC LIFF CYCCC COST 


l 

1 

1 

1. 700 

2 . bOU 

3. 900 

50 

50 

50 

^♦9 A 

. A20 

.37 3 

2b J 

2bJ 

2b3 

19.297 

17.813 

1 5. A Jb 

1 . 2 lb 

1.231 

1 . 24A 

1 . 0A9 

1.059 

1.075 

1.053 

.981 

. 303 

1 . J9b 

1 . 39A 

1 . 392 

U30 

. b3A 

.8 32 


12 72 

1 30 5 

1 500 

1 2 

13 

1 5 

0 

b 

8 

2.027 

2.027 

2.027 

725 

725 

725 

3193 

37A2 

AlbO 

2 2 . A 9 1 

29.008 . 

30. OOA 


9. A 70 

9 . b 1 A 

10. 359 

51.810 

59. A81 

00.029 

. 500 

. 500 

. 500 

0 1 . 780 

09.795 

70.888 

10,000 

10.03A 

10.605 

5,771 

5.73b 

5.098 

1 . 0 A 5 

1.701 

1 . 988 

79.802 

87.928 

95.239 


1 

1 

1 

5.000 

0.100 

7. 200 

50 

50 

50 

330 

. 287 

. 2AA 

283 

283 

283 

13,622 

11.578 

10.008 

1.255 

1.205 

1.27A 

1 . 088 

1.110 

1.135 

.77 1 

.009 

. 59A 

1 . 390 

1 . 388 

1 . 387 

830 

. 82 1 

. 80 9 


1751 

20AO 

23A6 

1 7 

20 

23 

6 

0 

8 

2.027 

2.027 

2.027 

725 

725 

725 

AOAA 

5311 

0093 

33.737 

35.538 

A 5. 900 


10. 888 
72.900 
. 500 

11.681 

82.8A0 

.500 

12.530 
9A. 380 
. 500 

8A . 288 

95.021 

10 7 . A 1 6 

10.080 

10.702 

10.937 

5.067 

5.030 

5.01A 

2.210 

2.537 

2.850 

102. 8A5 

113.950 

120.823 


1 

1 

1 

8. 300 

9. A 00 

10. 500 

50 

50 

50 

197 

. 1 A 1 

. 003 

283 

28 3 

28 3 

8.2 70 

5.933 

2.032 

1 . 28A 

1 . 300 

1. 3A8 

1.105 

1.222 

1 . 300 

. 501 

.378 

.179 

1 . 380 

1 . 38A 

1.381 

7 90 

. 709 

. 7A8 


2828 

3900 

8AA8 

28 

39 

88 

0 

8 

8 

2.027 

2.027 

2.027 

725 

725 

725 

0983 

988A 

20 70 0 

A 7. 38A 

70. 509 

108. 320 


1 3. 785 

10,057 

28. 289 

107.979 

150.521 

311.820 

. 500 

. 500 

. 500 

1 22. 26A 

107.078 

JAO. 6 1 5 

1 1.070 

1 1. A22 

1 1 . l» 3 A 

5. 583 

5. 538 

5 . A 0 2 

3. 375 

A . A 0 9 

8.912 

1 A 2 . 2 9 8 

189.107 

30 0. 50 j 


Exhibit 4e, Cell Life (Capacity Fixed) 


EOL Max. DoD Total Cells in Parallel Hardware Life Cycles 
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12 
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Exhibit 4e, Cell Life (Capacity Fixed) Continued 


LLO 


25k\) i:s.s 


(WiCd) 


j 

LOL I'LlU'UKIIANCi: TA KAill:: IIJKS 


Hardware 1. 1 1 e Cycles 

/♦ 

A 

A 

A 

A 

A 

A 

A 

A 

ilax Itiiuiii Uattery Life (Yr) 

0 . V B J 

7. 090 

0. 9B1 

7. 20A 

1.57 2 

7. 197 

B . 2 9 7 

B. Bll 

9.201 

KaLed Cell Capacity (All) 

^0 

50 

BO 

1 10 

1 AO 

1 7 0 

200 

210 

200 

Ilax till 11 III Depth ot Oischarp^e 

.251 

. 2AU 

.251 

. 2AA 

.2 29 

,216 

,19 9 

. 1 72 

.15 1 

Ope rati Hi; Ic i.ipe r a t u r e (de^;-K) 

2B 1 

2«1 

2B1 

2B1 

2B1 

2B1 

2B1 

2B1 

2B1 

Max. Uischarj'C Current (A) 

7.217 

17.011 

2B. 9A0 

IB. 59A 

A 0 . 1 n 

57.B92 

5 7 . B 9 2 

57. B92 

57. B92 

Minimum Voltaije (V) 

1 . 1 1 0 

1.113 

1 . 1 10 

1.110 

1.127 

1.122 

1 . 1 AB 

1.105 

1.170 

Kecharije Fraction 

1 . 0 5(i 

1.050 

1.050 

1 . 060 

1.007 

1 . 061 

1 . OBI 

1.095 

1.115 

Chari'e Current (A) 

5.2^6 

12.917 

20*. 9B2 

2B.076 

11, 91A 

A2.259 

A 2 . 9 7 B 

Al. 51 1 

A A . 1 1 B 

iMiarj^e Voltai;e (V) 

1.001 

1 . () b y 

1.001 

1.055 

1 .0A2 

1.6AB 

I. 619 

1.602 

1 . 5 90 

Watt -II our Klflclcncy 

.0 12 

.015 

.012 

.017 

.OAA 

. 6 AO 

.656 

. 6 0 A 

.60 1 

IMIYS 1C AC CIIAKACTCiaSTICS 

Total N II 1.1 b c r o 1 (i e 1 1 s 

17AA 

1 50« 

910 

690 

575 

A60 

A52 

AAA 

A AO 

hiii;il)er of Farallcl Batteries 

12 

1 1 

B 

6 

5 

A 

A 

A 

A 

NiiMher ot Modules per Battery 

0 

B 

10 

B 

10 

B 

B 

B 

B 

Battery Cell »Jelj;lit (Kg) 

. BA5 

2.02 7 

1.210 

A. 192 

5. 57A 

6.757 

7.9 19 

9.121 

10. 101 

Battery Cell Volume ( C i.i ^ J ) 

200 

725 

1 lOA 

160A 

20AA 

2ABB 

2916 

1159 

IBOl 

CSC Ueight (Kg) 

AAAI 

Alio 

10 2 7 

16 11 

1752 

160B 

AHA 

AOOl 

5 119 

CBB Volume (M^'J) 

lA. 1 AV 

29.000 

25.021 

1 B . 9 1 7 

10.721 

21 .09B 

2 1 . 0 9 B 

2 1 . 0 9 B 

2 1 . 0 9 B 

CIFC CYCCC COBTS (IVJ0M$) 

l)l)Ti»L Cost 

11. 151 

10.905 

10. 209 

10. 1 IB 

10.210 

lO.OlB 

10.015 

1 1 . IBl 

1 1 . 7B5 

1’ r o d u c 1 1 o n Cost 

2 2 . 1 7 A 

IB. Odd 

10.917 

10.079 

17.071 

10. 566 

IB. 2B5 

19.971 

21.705 

Operations L Maintenance Cost 

2UA . 7A0 

1 2 2 . 9 7 5 

100. 5AA 

71.550 

76.252 

00. 5A9 

OA . 096 

OB. 7 72 

71.110 

CBB CIFC CYCCC COBT 

2A0. 26 7 

152. 50B 

127. 710 

too . 7 

101. 519 

B7. 15 1 

91. 590 

99. 92A 

100.660 

li o 1 a r Array Cost 

2 1 1 . V 7 2 

212. 219 

211. 9A 5 

2 J2. IU« 

210. 2BO 

210. 172 

220. 95A 

2 2 A . 0 1 9 

22A .52B 

Thermal Control Cost 

7.215 

7. 20A 

7.215 

7. 190 

7.110 

7.151 

7 . 0 A 9 

6 . 9 9 B 

7.0A 7 

I’ower Conditioning Cost 

1.77V 

1.701 

1.100 

. 91A 

. 7B1 

.6AB 

. OAB 

.6AB 

.6AB 

TOTAC ClFi: CYCCC COST 

AB5.251 

191. 7/2 

170.076 

lAO. 555 

lA 1 . 71B 

125. 126 

J2B. 2A 7 

1 1 1 . 6 0 9 

llB.BBl 


Exhibit 5a. Rated Cell Capacity 


EOL Max. DoD Total Cells in Parallel Hardware Life Cycles 
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Exhibit 5a, Rated Cell Capacity (Continued) 


LLU 


5UUW i:ss 


(N1C.J ) 


EOL riiKKOUnANCI:; I’A KAMI:! cits 


llartJvKiro Life Cyclc« 

4 

4 

4 

4 

4 

4 

4 

4 

4 

lit'ixlfiiun llnttery Life (Yc) 

0. S03 

7.oyo 

0. yb3 

7. 204 

0. bOO 

7. 397 

7.572 

7.4 80 

7 . 0 90 

Itaied lioii Capacity (Ail) 

2 0 

50 

bO 

1 10 

140 

170 

2 00 

2 30 

200 

Maximum Depth ol DlsciiaL*i;e 

.257 

.24 b 

.253 

. 244 

.257 

. 2 30 

.229 

.2 33 

. 248 

tiperatiiig Temperature (tJcii-K) 

2L3 

2b3 

2b 3 

2b 3 

283 

283 

28 3 

28 3 

28 3 

Max. DiGchart;e Current (A) 

/. J52 

1 7. bl 3 

2 b . y 4 0 

3b. 594 

51.459 

57. 892 

60. loo 

77. Ibb 

92.025 

Minimum Voltaije (V) 

1 . iU6 

1.113 

1.110 

1.110 

1. 100 

1.122 

1.12 7 

1.125 

1.113 

Kecliatiic Tract Ion 

1. 054 

l.05b 

1.050 

1 . 000 

1.0 54 

1.003 

1.00 7 

1.005 

1.058 

Cliari^e Current (A) 

5. J20 

1 2 . y 3 7 

• 20.yb2 

2b. 070 

37.234 

42.259 

48.448 

50.434 

0 7.20 7 

till a r p, e V i t a ^ c ( V ) 

1.00 7 

i.05y 

1 . 0 0 3 

1 .055 

1.00 7 

1.04b 

1 . () 4 2 

1.045 

1 . 0 59 

Watt-iluur Ctflclency 

. 0 JO 

.0 J5 

.0 32 

.037 

.030 

.040 

.044 

.042 

.034 

TIIYS ICAL Cll/UIACTCRISTICS 










Total [iunher of tic 1 Is 

7 371 

30 10 

lb72 

1392 

1053 

9 20 

805 

0 90 

580 

humher of Tara 1 lei IJatterles 

(> 3 

20 

10 

12 

y 

b 

7 

0 

5 

iiMiMhor of MoiJules per iJnttery 

0 

b 

10 

b 

10 

14 

12 

1 2 

1 0 

iiattery Cell Uelj'lit (K^) 

.H45 

2.027 

3.210 

4.392 

5.574 

0.757 

7.9 39 

9.12 1 

10. 303 

Uatlery Cell Volume (Cin''J) 

Ziiti 

725 

1 104 

1004 

2044 

2488 

29 10 

3359 

3 80 3 

liS S \/e 1 j,h t ( Kg ) 

b’JOO 

b2 31 

72 5 3 

7220 

7908 

7 300 

74 28 

7 29 7 

0 90 8 

CSS Volume (11'' J) 

0 b . 2 »J 7 

5 y . 2 1 0 

50.04 1 

3 7 . b 7 4 

01 .442 

4 9. yo 7 

41.854 

39. 732 

30.721 

Lire CYCLC COSTS (lySUM$) 










DDfiiC Cost 

lb. 433 

14. 3bi 

13.241 

12.952 

12.017 

12.854 

12.999 

12.901 

1 2. 503 

Trocluctlon Cost 

Operations Is Maintenance Cost 

jy . d26 

32. 7b0 

2y. 257 

2b. 7b2 

29.039 

28.799 

29.252 

28.859 

27.020 

3‘J5. bob 

23b. ybo 

iy4-. 6b4 

140. 704 

133.078 

155. 100 

132.871 

122.258 

100.709 

CSS LITC CYCLC COST 

454 . 00 7 

^U(>. 14'J 

237.102 

lb2. 43b 

1 75. 3 34 

1 90. 759 

1 75. 122 

164.018 

1 4 0.95 S 

Solar Array Cost 

4 0 b . 4 y y 

405. lau 

40b. 1 75 

404.958 

408.447 

401.930 

401.771 

401.852 

405.109 

Thermal Control Cost 

y. 304 

'J. 20 7 

9.270 

9.179 

9. 304 

9.104 

9.071 

9.088 

9. 20 7 

Tower Conditioning Cost 

6.712 

3. loy 

2.100 

1.045 

1.289 

1. 100 

1. 042 

.914 

.78 3 

TOTAL LITC CYCLE COST 

b7b. 5b2 

7UJ. 71 3 

050. 727 

598.220 

594.374 

008.905 

587.000 

575.872 

550.117 


Exhibit 5b, Rated Cell Capacity 


EOL Max. DoD Total Cells in Panallel Hardware Life Cycles 
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Exhibit 5b. Rated Cell Capacity (Continued) 


9t^D 


lUUKW LSS 


(N u:«i) 


u.u 


LUL I'LUroUilANCL P A ll All LT I'll S 


llardwtiro Lift* Cycles 

4 

4 

Ujxliuuui Uattciy Lite (Yr) 
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Exhibit 5c, Rated Cell Capacity (Continued) 


LLU 


2!)Uia; Liyii 


( 1110 . 1 ) 


LOL rOKl UiaiAilOL I’AIIAIIOTOKS 


llarciwart! Ollu (iycLco 

A 

A 

A 

A 

A 

A 

A 

4 

4 

Uaximma Uattery Lite (Vr) 

0, d05 

0.80 0 

0.890 

0.90 0 

0.800 

0. 85A 

0 . 9 8 J 

7.029 

7.090 

K.itud Cell Capacity (All) 

20 

30 

80 

1 10 

1 AO 

1 70 

200 

230 

20 0 

1 1 a X 1 III 11 u Depth o 1 IJ 1 s c h a i* e 

. 2!)7 

.257 

. 250 

.254 

.257 

.258 

,25 3 

.251 

.2 48 

Upcratlui; Tc lapc r a t u i: e (dut^-O) 

2b J 

28J 

28 J 

28J 

28J 

28 J 

28 J 

283 

28 3 

ilax. Di.scha r^ii* Cur rout (A) 

/ . J 5 2 

1 8 . J 7 y 

^ y . 3 1 2 

J9. 923 

5 1 . A 5 9 

02. 58A 

72. JOA 

82.701 

92.025 

din 1 mum V«)ltniiC (V) 

1 • 1 Ui> 

1.106 

1,107 

1.10 9 

1.100 

1.106 

1 . 1 i 0 

1 . 1 1 1 

1 . 1 1 3 

Kecliar^iu I r act Ion 

1 . U5A 

1 .05A 

1.05A 

1.053 

1.05A 

1 . 05A 

1.050 

1.057 

1,058 

CliariiO Current (A) 

b. J2U 

1 J. 2V8 

21.217 

28.9 J2 

J7. 2 JA 

A5. 275 

52. A55 

59.992 

1)7.20 7 

Charge Vollai;e (V) ' 

1 . l> 6 7 

1.007 

1 . 000 

l.OOA 

1.007 

1.008 

1.00 J 

1.001 

1.059 

Watt-Hour ClLlclency 

. 0 JO 

. 1) J 0 

. 0 JO 

.0 J2 

.0 JO 

.0 29 

.0 32 

.03 3 

.OJA 

rilYl] ICAL CIlAKACTCUlliT ICli 










1 o t a 1 laj m b e r o 1 Celia 

Jbd5 5 

1 A 7 A 2 

92 A J 

0 780 

5 20 5 

A J29 

J7A A 

J2A8 

2 9 0 0 

iluuber ol raraliel Uatterlea 

Jl !> 

1 20 

7 9 

58 

A5 

J7 

32 

28 

25 

llnuber o£ lloduie.s per liattery 

(i 

^ .SA5 

8 

10 

10 

lA 

1 A 

14 

12 

1 A 

battery Cell Welj^ht (Kg) 

2.02 7 

J. 210 

A . J 9 2 

5.57A 

6.757 

7 . 9 J 9 

9.12 1 

1 0. 303 

liattery Cell Volume (Cm'^J) 

2dU 

725 

1 lOA 

lOOA 

2UAA 

2 4 88 

2910 

3 3 59 

380 3 

LCb Weight (Kg) 

A A A V 0 

J7 7VA 

J028A 

J8000 

J7A98 

J 7 1 0 9 

3480 3 

3AA9A 

3 78 38 

Kbb Volume (IPJ) 

JA 1 . A VO 

2AA. 8 JO 

250. 210 

20U. 1 70 

299. 800 

249.840 

199.870 

c 

C 

193.370 

Llt’K CYCKL COOTii (l'JdUil$) 










m)T&.L Cost 

A2. A JO 

29. J87 

20. J92 

25. JO J 

2A.008 

24.208 

24.377 

24.250 

2A.0 30 

1’ rod nc t Ion Cost 

178,770 

1 JO.AOO 

120.772 

128.001 

125.249 

1 2 J. 8 J2 

119.437 

1 1 8 . A 1 1 

125.997 

Up e ratio tui dal nte nance Cost 

lVA;>.y7!) 

1 1 J2. 589 

9 J J. 799 

752. 982 

790.480 

694.900 

(» A 0 . 10 1 

5A5. 1 37 

500. 7 1 1 

LS6 LIKL CYCLi: COST 

2107.187 

1 29 8. A JO 

1080. 90 J 

900. AOO 

9A0. J4 J 

84 J. 000 

783.975 

087. 798 

7 1 1 . 3 A A 

Solar A r r a y Cost 

1 A 8 7 . 5 2 J 

1 A 8 7 . J 5 2 

1 A 8 7 . 1 U 

IA80.000 

1A87 . 318 

1A87. 352 

lAUo. 395 

1A75.826 

IA75.415 

Thermal Control Cost 

2 5 . 7 1 9 

25.715 

25.082 

25. 586 

25.717 

25.729 

25.553 

2 5 . 3 2 0 

25.2 35 

I’ower Conditioning Cost 

20.278 

12.082 

8. 1 J2 

0. 258 

5.04 0 

4.274 

3.779 

3.375 

3.00 5 

TUIAL 1. ll-C CYCLL COST 

J700. 707 

282 J. 585 

2007.890 

2A2A. 850 

2A58. A2A 

2 JOO. 355 

2299. 702 

2192.319 

2215.059 


Exhibit 5d, Rated Cell Capacity 


EOL Max. DoD Total Cells in Parallel Hardware Life Cycles 

.5 L0 ^ J3 180 360 ^ J3 10 20 


I I L 

J 147 

?ated Cell Capacity 



Rated Cell Capacity 


ca 




Rated Cell Capacity 


Legend: 


Production Cost 
0 Si M Cost 

Total Life Cycle Cost 





Rated Cell Capacity 

Exhibit 5d. Rated Cell Capacity (Continued) 
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Exhibit 5e. Rated Cell Capacity (Continued) 
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Exhibit 6a. Hardware Life Cycles (Capacity Variable) Continued 
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Exhibit 6b. Hardware Life Cycles (Capacity Variable) 
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Exhibit 6b, Hardware Life Cycles (Capacity Variable) Continued 
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Exhibit 6c. Hardware Life Cycles (Capacity Variable) 
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Exhibit 6c. Hardware Life Cycles (Capacity Variable) Continued 
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Exhibit 6d, Hardware Life Cycles (Capacity Variable) Continued 
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Exhibit 7a. Discharge Current (Capacity Variable) 
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Exhibit 7a, Discharge Current (Capacity Variable) Continued 
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Exhibit 7b. Discharge Current (Capacity Variable) 
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Exhibit 7b, Discharge Current {Capacity Variable) Continued 
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57.950 

05.121 

Cliarj;e VolLaj;e (V) 

1 . 1) A J 

1 . 06A 

1.050 

1 . 0 0 A 

1.059 

l.OOA 

1.00 5 

1 . OOA 

1.00/ 

\/att-llour Ufficlency ^ 

. OA J 

.0 31 

.030 

.0 31 

.03A 

.0 31 

.031 

.031 

.0 30 

FIIYS ICAL CIIAKACTUKISTlCS 

Total (lumber of (^ells 

1001)5 

3Ayy 

35 90 

2000 

220A 

1072 

16 38 

1 AOA 

12 0 7 

Number ol Tara lie 1 batteries 

0 J 

A 7 

31 

2A 

ly 

10 

lA 

12 

1 1 

hum be r ol itodules per battery 

0 

0 

1 0 

10 

12 

1 A 

12 

12 

12 

battery Cell VJcijibt (Ki*) 

1 . 2 jy 

2. 22A 

3. A07 

A . 392 

5. 57A 

0. 500 

7.5A5 

0. 727 

9.712 

battery Cell Volume (Cr.i'^i) 

A3A 

000 

1235 

100 A 

20AA 

2A09 

2 7 7 3 

3217 

3581 

use Oei^lit .(Kj*) 

1 705 3 

1 3 38 1 

15100 

1 AOAO 

102A A 

1AA05 

1 AA 72 

1 A200 

1 55 5 5 

Volume (tri) 

10 2. A 50 

y 1 . 8 1 1 

100.000 

75.002 

125. 500 

99.933 

03.700 

7 9 . A 0 5 

79. A65 

LIFL CYCLL COSTS (IDSOii;^) 

DbT&L Cost 

20.127 

20. 706 

1 y . 2 y 2 

10. 77A 

10. 50A 

10. 20A 

10.207 

1 0 . 1 A 2 

1 a . A y 7 

F r o d u c L 1 o n Cost 

70.000 

37.yAy 

53. JAO 

53. 5A9 

50. JAO 

52.500 

• 52.A50 

5 1.90 3 

5A. 952 

Operations S (la lute nance Cost 

() 1 1 . 0 y 5 

A30. Ojy 

3 7 5 . 7 5 1 

313.923 

30A . 092 

30 1 . 70A 

25A.931 

23A. 203 

220 . 020 

i:ss Liri: cycll cost 

70S. A112 

3 1 A . 7 7 A 

/.su. 38 3 

300. 2A0 

379. 730 

372.570 

325. 05A 

30A . 320 

300. 209 

So la r Array Cost 

70 J. JA 7 

720. 7A5 

709. 

733. UAO 

721.521 

7 J J. OAO 

7A A. 729 

733. OAO 

75 1 . 720 

Thermal Control Cost 

12. ysy 

1 3 . A 11 3 

13. 215 

13.057 

13. A31 

13.057 

1 3. OOA 

13.059 

1 J. 909 

I’ov/er Conditioning* Cost 

y . Jjy 

5.230 

3.079 

2.90 1 

2 . A 2 9 

2.100 

1.875 

1.0A5 

1 . 52 0 

TOTAL Lire CYCLL COST 

lA JA. 1 37 

1 25A. 23H 

1170. 326 

1137.910 

1117.117 

1121. 379 

1000.002 

1052.678 

100 7 . A9 2 


Exhibit 7c, Discharge Current (Capacity Variable) 


EOL Max. DoD Total Cells in Parallel Hardware Life Cycles 


Production Cost 
0 S M Cost 

Total Li To Cycle Cost 




s> ca 
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LEO 100 KIV ESS NiCd 


Exhibit 7c, Discharge Current (Capacity Variable) Continued 


LLv> 


Li;s 


(UiCvl) 


i:oL rLKFuuiiAdCi: 1 ’aiia;ii:tuis 
ii a L’ il w;i L' e Lite Cycles 
Ha xl mil in Uattery Life (Yr) 

Kated Cell Capacity (All) 
liaxLmuu DepLii ut Discharj'e 
O |) e i* a t i n i; Temperature ( cl e - k ) 
llax. Dlscliarj'e Current (A) 
llliiLMuin VoLta-e (V) 
kecliari;e I'ractLoii 
CliaL'iie Current (A) 

Cliar»;e Voltatje (V) 

Watt -Hour Lt tic Leu cy 

niVS ICAL CIIAKACTLKISTICS 
Total li umber ot Cells 
N umber o t Fa r a 1 1 e i Batteries 
il umber ot ilodulcs per Battery 
Battery Ceil We I lit (kj;) 
Battery Cell Volume ( C m ^ J ) 

LBS Welt^lit (K-) 

L I> b V o 1 u i:i e ( 1 1 J ) 

LllL CVCLL COSTS (l'JBUn$) 

DDTBL Cost 

I* r o cl u c t i o n Cost 

Operations L llalntenancc Coot 

CSS LIKC CYCLi: COST 
Solar Array Cost 
I'd el Ilia 1 Control Cost 
Fower Con J 1 1 Ion In i; Cost 

I’OTAL LiFi: CYCLC COST 


A 

4 

4 

7.527 

0.9 40 

7.102 

JO 

53 

a 3 

. 2 Jl 

.254 

.240 

2B J 

2S 3 

2d3 

1 0 . UUO 

20. UOl) 

30.000 

1.120 

1 . 1 U 9 

1.113 

1 . 000 

1.053 

1 .059 

7. Jl 7 

14.4S9 

21. dll 

1 . 0 4 J 

1 . 004 

1.036 

.04 3 

.031 

. 0 30 


200SO 

1 35 72 

9040 

232 

1 10 

7 0 

0 

d 

10 

1 .239 

2. 224 

3.407 

434 

00 0 

1235 

4 3400 

3d 37 7 

3 7 9 2 9 

24 7 . 380 

229. 530 

230. 210 


37.705 

20. 933 

20.966 

100.145 

130.020 

131.350 

1513. 304 

1004. 341 

934. 123 

1717.234 

1 230. 102 

1092.447 

1403.410 

1400.035 

1407.523 

24.031 

25.040 

25. 367 

20.275 

11.264 

0.04 5 

3227.330 

2735.001 

2013. 302 


4 

4 

4 

6.946 

7.070 

6. 946 

110 

140 

165 

.254 

.249 

.254 

203 

203 

203 

40.000 

50.000 

60.000 

1.10 9 

1.113 

1.10 9 

1.055 

1.057 

1.055 

20.970 

36. 302 

43.407 

1.664 

1.639 

1.604 

.631 

.634 

.031 


6700 

54 52 

4 503 

58 

47 

39 

10 

14 

14 

4. 392 

5.574 

6.560 

1604 

2044 

2409 

30005 

36903 

36194 

200. 1 70 

299. 000 

249.04 


25. 364 

25.247 

24.092 

120.073 

125.474 

122.81 3 

752.994 

822.947 

724. 342 

y06. A31 

973.660 

071.047 

UUU. «55 

1493. 158 

1499.103 

25.()«0 

25. 560 

25.016 

6. 25U 

5.236 

4.40 9 

2427. 104 

2497.622 

2401.293 


4 

4 

4 

6.945 

0.946 

6.070 

190 

220 

24 5 

.25 7 

.2 54 

.257 

203 

203 

283 

70.000 

00 . 000 

90 . 000 

1 . 100 

1.10 9 

1 . 1 U 6 

1.054 

1.055 

1 . 1)34 

50.630 

57.956 

05.121 

1.605 

1.064 

1.007 

.631 

.031 

.630 


3970 

3 39 3 

30 4 2 

34 

2 9 

2 0 

12 

14 

14 

7.545 

8.727 

9.712 

2 7 7 3 

321 7 

3 5 0 1 

.360 1 7 

37 3 30 

303 5 0 

209. 270 

199. 070 

193. 370 


24.375 

24. 304 

24 . J53 

122. 196 

124.414 

122. 780 

600. 192 

604.449 

5()'7 . 488 

754.963 

753.247 

7 Hi . 6 2 3 

1318.571 

1400.089 

14 9 9. 04 5 

26.096 

2 5.641) 

25. 926 

3.979 

3.477 

3.109 

2303. 609 

2271.253 

2245. 503 


Exhibit Id. Discharge Current (Capacity Variable) 


EOL Max. DoD Total Celle in Parallel Hardware Life Cycles 

.5 L0 130 260 J3 10 20 
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Production Coot 
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Total Life Cycle Coot 



LEO 250 

Exhibit 7ii, Discharge Current (Capacity Variable) Continued 


KIV ESS NiCd 


(J LO 


231LU J.Sli 


(liiOd) 


LU L I’ i: K f U K n A H C I. I‘ A U A M i: 1 1: K s 


Hardware L 1 1' e Cycles 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Maxi limn liatLery Life (Yr) 

.0/i 7 

.047 

.047 

.047 

.047 

.04 7 

.047 

.047 

.047 

Hated Cell (/apnclLy (All) 

20 

40 

00 

00 

100 

1 20 

140 

100 

100 

iiaximm<i l)e|>Lli ui l)lscliar^;e 

. 3yo 

. 5yy 

. 5yy 

. 599 

.599 

. 599 

. 5 99 

.5 99 

.5 99 

Operating l oupe ra L u re (dei;-K) 

2li J 

20 3 

203 

203 

203 

283 

283 

283 

283 

Max. Dlscliartic Current (A) 

10 . 000 

20.000 

30.000 

40.000 

50.000 

00.000 

70.000 

80.000 

90. 000 

M i n lull III Vo 1 1 aj^e ( V ) 

1 . 1 7 y 

1 . 1 7y 

1.179 

1.17 9 

1.17 9 

1.17 9 

1.17 9 

1.17 9 

1.17 9 

K e c 1 1 a r ^ e 1' r a c t ion 

1 . 0 1 d 

1.010 

1.010 

1.010 

1.010 

1.010 

1.018 

1.010 

1.01 8 

Cliaii^e Current (A) 

.32V 

1.050 

1.507 

2.116 

2.045 

3. 1 74 

3. 703 

4.232 

4. 70 1 

lMiar;;e Voltaire (V) 

1.412 

1.412 

1.412 

1.412 

1.412 

1.412 

1.412 

1.412 

1.412 

Watt -11 our HLClclency 

. S20 

. 020 

.020 

. 020 

.820 

. 820 

.820 

.0 20 

.82 0 

I’ilYS ICAL CIIAHACTCKISTICS 

Total H u n b c r o C Cells 

2640 

1 320 

000 

000 

550 

440 

4 40 

4 40 

4 4 0 

Nu 1 . 1 1) e r 1 Parallel U a 1 1 u r i c s 

2 4 

12 

0 

0 

5 

4 

4 

4 

4 

Muiaber of Modules per battery 

0 

() 

0 

8 

0 

0 

8 

8 

8 

battery Cell Weliilit (Ki;) 

.04 5 

1 .0 J J 

2.422 

3. 210 

3.998 

4.700 

5.574 

0.303 

7.151 

battery Ceil Volui.ie (Cu^'J) 

2 0b 

5 70 

07 2 

1104 

1455 

1 740 

2044 

2 329 

2 0 30 

CSS WelHbt (Cii) 

JlOb 

2 752 

2029 

2500 

2000 

24 70 

288 3 

32 7 5 

300 7 

CSS Volume (M^J) 

25.011 

2 2 . 4 y 1 

15. 302 

10.937 

13.041 

11.473 

21.090 

21.090 

2 1 .098 

l.llC CACCC COSTS (I’JbUilS) 

DDTU. Cost 

10. J95 

y. oyo 

0.005 

8.400 

8.408 

8.287 

8.097 

9.09 3 

9.491 

I’rodiic t Ion Cost 

52.042 

45.500 

43.202 

42.077 

42.004 

40.098 

40.002 

52.303 

58.01 5 

. Operations U Maintenance Cost 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

CSS ClCC CYCCC COST 

b J. 7 J7 

5 5 . 0 y 0 

52.467 

51.057 

51.052 

49.485 

55. 799 

01 . 890 

08.000 

Solar Array Cost 

11.111 

11.112 

11.111 

11.112 

1 1.482 

11.112 

12. 570 

13.999 

15.387 

ill e rill a i Control (iost 

5.0V7 

5.09 7 

5.897 

5.89 7 

5.9 20 

5.897 

0.013 

0.120 

0.245 

Cower Coiul 1 1 Ion in i» Cost 

2. yi) 1 

1.045 

1.106 

.914 

. 783 

.048 

.048 

.04 8 

.048 


— 

— - 



— 

— 

— 

— 

— 

— 

TOTAC cm: CYCCC COST 

0 J. 700 

73. 752 

70.04 1 

00.980 

09.843 

07.142 

7 5.(330 

82.071 

90. 286 


Exhibit le. Discharge Current (Capacity Variable) 


EOL Max. DoD Total Cello in Parallel Hardware Life Cycles 


Production Cost 
0 S M Cost 

Total Life Cycle Cost 
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GEO 25 Kk' ESS NiCd 


Exhibit le. Discharge Current (Capacity Variable) Continued 


G-70 


LLO 


2 3KW i:ss 


(NlCd) 


LOL PLKKUkMAiJCL FARAllETtKS 


llardv^are Life Cycles 

J 

A 

5 

0 

7 

8 

9 

10 

1 1 

:iaxiiiuii(i liattury Life (Yr) 

9. 1 5 J 

7.0 90 

5.963 

5.251 

A. 318 

3.832 

3.278 

3. AOA 

3. 500 

Rated Cell Capacity (All) 

50 

50 

50 

50 

50 

50 

50 

50 

50 

Maxi mu 1.1 Deptli of Uiscliar}*e 

. 15A 

. 2Ab 

.292 

.319 

. 350 

. 356 

. A02 

. 396 

. 392 

Operating Temperature (deg-K) 

J 

28 3 

283 

283 

283 

283 

28 3 

28 3 

28 3 

Max. Discharge Current (A) 

11.027 

17.813 

21.051 

23.157 

25. 729 

25. 729 

28. 9A0 

28. 9A0 

28. 9A0 

Minimum Voltage (V) 

1 . 1 A 1 

1.113 

1.105 

1.102 

1.088 

1.090 

1.07A 

1.091 

1 . 1 0 A 

Recharge Fraction 

1.117 

1 .058 

1.038 

1.020 

1.012 

1.012 

1.005 

1.005 

1 . 005 

Charge Current (A) 

U. AO 1 

12.937 

1 5.000 

16.311 

17.885 

17.885 

19.96A 

19. 90 A 

19. 90 A 

(Miarge Voltage (V) 

1 . 0 J9 

1.659 

1.600 

1.057 

1.072 

1.670 

1.088 

1.063 

1 . 6 A A 

Watt -11 our efficiency 

.623 

.035 

.OAl 

.6A8 

. 6 A 3 

.6A5 

.633 

.053 

.66 8 

niYS ICAL CIIARAClLkiSTlCS 










Total Number of Cells 

237 3 

1 508 

1 287 

1 1 70 

1071 

107 1 

960 

952 

9 30 

Number of Para 1 lei batteries 

21 

13 

1 1 

10 

9 

9 

8 

8 

8 

Number of Modules per battery 

0 

8 

0 

0 

6 

6 

8 

8 

8 

battery Cell Weight (Kg) 

2.027 

2.027 

2.027 

.2.02 7 

2.027 

2.02 7 

2.027 

2.027 

2.02 7 

battery Cell Volume (Cm^J) 

725 

725 

725 

725 

725 

725 

725 

725 

725 

LSS Weight (Kg) 

5909 

A 1 10 

35 39 

2909 

3063 

3062 

2A77 

2A51 

2 AO 9 

KSS Volume (M''J) 

A A . A 1 2 

29.008 

2 2 . A 9 1 

20. 580 

20. 580 

20. 580 

15. 302 

15. 302 

15. 302 

LIFL CYCLi: COSTS (IVUUM$) 










DDT6L Cost 

13. AOl 

10.905 

10. 205 

9. 779 

9.535 

9.535 

9.115 

9.087 

9. 0 3A 

Production Cost 

25.555 

18.088 

10.009 

15.05A 

1 A . 888 

1 A .886 

1 3. 27A 

13.188 

1 3.0A3 

Operations & Maintenance Cost 

1 A 3 . A 0 5 

122.975 

109.661 

121.291 

1 30. 560 

1 A9. 88A 

182.015 

202. 108 

221. 739 

LSS LIFL CYCLL COST 

182. A2 1 

152. 568 

136.535 

1 AO. 1 2A 

15A.989 

17A. 305 

20A . AOA 

22A. AA3 

2A3. 810 

Solar Array Cost 

2 3 5 . A 1 3 

232. 239 

230. A80 

227.999 

230. 378 

230.086 

232.212 

227. 8A2 

22 2 . 700 

Thermal Control Cost 

7. A89 

7. 20A 

7.059 

0.930 

6.955 

6. 93A 

0.995 

0.789 

6.622 

Power Conditioning Cost 

2 . 0 A A 

1.701 

1. 528 

I.A09 

1.289 

1 .289 

1. 166 

1.106 

1.106 

TOTAL LIFL CYCLL COST 

A27.907 

393. 772 

375.608 

382. A02 

393.611 

A12.61A 

AAA. 77 7 

AOO. 2A0 

A 7A . 30A 


Exhibit 8a, Hardware Life Cycles (Capacity Fixed) 


EOL Max. DoD Total Colls in Parallel Max Battery Life 
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Production Cost 
0 S M Cost 

Total Life Cyolo Cost 
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Exhibit 8a. Hardware Life Cycles (Capacity Fixed) Continued 


ZL-D 


LKO 


5UKW LSS 


(NiCd) 


tOL PliKKOlUlANCE PARAMLTLKS 


Hardware Lite Cycles 

J 

A 

5 

6 

7 

8 

9 

10 

1 1 

Maxim 11 in Hattery Life (Yr) 

y . 1 5 J 

7.096 

5.537 

A. 71A 

A. 318 

3.8A9 

3. 2 78 

3. OA 1 

2.798 

Rated Cell Capacity (All) 

SO 

50 

50 

50 

50 

50 

50 

50 

50 

Maximum Depth of Dlsc\iari*e 

. 1 

. 2A8 

. 308 

. 3A0 

. 356 

.37 7 

. A02 

. A27 

. A27 

Operating Temperature (deg-K) 

2B J 

28J 

283 

28 3 

283 

283 

283 

283 

28 3 

Max. Discharge Current (A) 

1 1.027 

1 7 . 8 U 

22.053 

2A. 375 

25. 729 

27. 2A3 

28. 9A6 

30.875 

30.875 

Mini mum Voltage (V) 

1 . 1 A 1 

1.113 

1.090 

1.085 

1.088 

1.085 

1 .07A 

1.072 

1.073 

Recharge Tract ion 

1.117 

1 .058 

1.032 

1.019 

1.012 

1 .006 

1 .005 

1.005 

1 . 00 5 

Charge Current (A) 

8. A61 

12.937 

15.630 

1 7.056 

1 7.885 

18.822 

19. 96A 

21.295 

21.295 

(Ml a r g o Voltage ( V ) 

1 . 0 J y 

1.659 

1.678 

1.681 

1.672 

1.67A 

1.688 

1.690 

1.688 

\Jatt-hour efficiency 

.bZJ 

.6 J5 

,6 29 

.633 

.6A3 

.6AA 

.633 

.631 

.633 

TIIYS ICAL CIIARAC riMUST ICS 










Total Number of Cells 

A7A6 

3016 

2A99 

226 1 

21 A2 

2023 

1920 

1815 

1800 

Number of Parallel Ratter ies 

A2 

26 

2 1 

19 

18 

17 

16 

15 

1 5 

Number of Modules per Battery 

8 

8 

8 

8 

8 

8 

8 

8 

8 

Battery Cell Weight (Kg) 

2.027 

2.027 

2.027 

2.027 

2,027 

2.027 

2.027 

2.027 

2.02 7 

Battery Cell Volume (Cm^'J) 

725 

725 

725 

725 

725 

725 

725 

725 

725 

LSi; Weight (Kg) 

11816 

8231 

6 358 

6397 

5A85 

5551 

A95A 

A971 

A936 

less Volume (M"3) 

88. 82A 

59.216 

AA. A 1 2 

AA. A12 

A2. 160 

A2. 160 

30.60A 

30. 60A 

30. 60A 

LITE CYCLE COSTS (19«0M$) 










DDTfciE Cost 

19.067 

lA. 383 

12.877 

12. 276 

1 1 . 868 

11.572 

1 1 . 2.38 

10.971 

10. 930 

Product Ion (^os t 

A 6 . A A 8 

32. 780 

27.010 

26.231 

23.901 

23.606 

21.992 

21.6A8 

21.522 

Operations U Maintenance Cost 

282. 277 

238.986 

2A6.025 

269. 758 

299.655 

32A.901 

3A6, 3A6 

363. 226 

399. 1 25 

ESS LITE CYCLE COST 

JA7. 792 

286. 1 A9 

285.912 

308. 265 

335. A2A 

360.079 

379. 576 

395. 8A5 

A31. 577 

Solar Array Cost 

A 10. 726 

A05. 188 

A09. 381 

A05. 77 1 

A01.9A1 

AOO. 226 

A 0 5 . 1 A 6 

A 08. 203 

A05.052 

Thermal Control Cost 

9.776 

9 .207 

9.151 

8.961 

8. 709 

8.608 

8.789 

8.798 

8.735 

Power Conditioning Cost 

A . 7 5 9 

3.169 

2.6AA 

2 . A 2 9 

2. 320 

2.210 

2.100 

1 . 988 

1 . 988 

TOTAL LITE CYCLE COST 

7 7 J.05 J 

703. 713 

707.088 

725. A26 

7A8. 39A 

771.123 

795.611 

81 A.83A 

8A7. 352 


Exhibit 8b. Hardware Life Cycles (Capacity Fixed) 


EOL Max. DoD Total Cells in Parallel Max Battery Life 
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Exhibit 8b. Hardware Life Cycles (Capacity Fixed) Continued 


PL-D 


LtO 


luuKw i:ss 


(lUCtl) 


KOL Pli KFOKMAiiCfc: I’AKAIlhftKS 


Hardware Life Cycles 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

Maximum i» a 1 1 e r y Life ( Y r ) 

9.153 

0.953 

5.537 

4.714 

4.010 

3.499 

3.278 

2.865 

2. 5 96 

Kated Cell Capacity (All) 

5U 

50 

50 

50 

50 

50 

50 

50 

50 

MaxltauM Depth of Dlsclinr};e 

. 1 54 

. 254 

. 308 

. 340 

. 369 

. 392 

.402 

.4 16 

. 4 30 

Operating; Temperature (deg-K) 

283 

283 

283 

283 

283 

283 

283 

28 3 

28 3 

Max. Discharge Current (A) 

11.027 

18.163 

22.053 

24.375 

26.465 

28.069 

28.946 

29.879 

30.875 

II till mum Vultnge (V) 

1.14 1 

1.109 

1.090 

1.085 

1.076 

1.070 

1.074 

1.067 

1.064 

He charge Fraction 

1.117 

1.055 

1.032 

1.019 

1.010 

1 . 005 

1.005 

1.005 

1.005 

Charge Current (A) 

8.46 1 

13.160 

1 5.630 

1 7.056 

1 8. 344 

19. 359 

19.964 

20.608 

21.295 

CM^arge Voltage (V) 

1.039 

1.664 

1.6 78 

1.681 

1.689 

1.695 

1.688 

1.698 

1 . 702 

Watt -Hour efficiency 

.62 3 

.632 

.629 

.633 

.631 

.628 

.633 

.626 

.62 2 ^ 

niYSlCAL CIIARACTLRlST ICS 










lotal Humber of Ceils 

94 9 2 

596 7 

4998 

4522 

4200 

3993 

3840 

37 5 1 

3660 

Number of Parallel batteries 


51 

42 

38 

35 

33 

32 

31 

30 

Number of Modules per battery 

. 

’ 8 

8 

8 

8 

8 

8 

8 

8 

8 

battery Cell Weight (Kg) 

I.U21 

2.027 

2.027 

2.027 

2.027 

2.027 

2.027 

2.027 

2.02 7 

battery Cell Volume (Cn^3) 

725 

72 5 

72 5 

725 

725 

725 

725 

725 

725 

LSS Weight (Kg) 

2 4 7 1 9 

16426 

12715 

12103 

107 79 

10895 

9906 

99 7 1 

10026 

LSS Volume (M^J) 

168. 320 

107. 1 10 

88.824 

76. 509 

74.020 

) 

74.020 

6 1 . 208 

61 . 208 

6 1 . 208 

LIFL CYCLt COSTS (IU8UM$) 










DDTI.L Cost 

30. 1 97 

2 1 . 1 26 

18. 530 

17.331 

16.454 

15.957 

15.510 

15.297 

1 5.080 

Production Cost 

90. 326 

60. 534 

4 9. 345 

46.374 

42.463 

41.964 

39. 351 

39.168 

38.959 

^ (Jpe ratio IIS f» Maintenance Cost 

559.618 

463. 056 

483.115 

527.816 

570.693 

619. 224 

675.410 

730. 124 

780.492 

2 ESS LIFE CYCLE COST 

080. 14 1 

544. 716 

550. 990 

591.521 

629.610 

677.145 

730.271 

784. 589 

834 .531 

Solar Array Cost 

716.020 

712. 325 

714.248 

707.942 

710.032 

71 3. 962 

706.876 

714.780 

721.113 

Thermal Control Cost 

14. 350 

13. 358 

13.102 

12.721 

12.663 

12.688 

12.378 

12.674 

12.825 

Power Conditioning Cost 

8.567 

5.611 

4. 759 

4.372 

4.078 

3.879 

3.779 

3.679 

3.578 

TOTAL LIFE CYCLE COST 

1419.678 

1276.010 

1283.099 

1316.556 

1 356.383 

1407.674 

1453. 304 

1515. 722 

1572.047 


Exhibit 8c. Hardware Life Cycles (Capacity Fixed) 


EOL Max. DoD Total Celle in Parallel Max Battery Life 




Hardware Life Cycles 



Hardware Life Cycles 


Hardware Life Cycles 


Legendt 


Production Cost 
0 S M Cost 

Total Life Cycle Cost 




Hardware Life Cycles 


Hardware Life Cycles 



Hardware L 2 fe 




Cycl 


14 


es 


LEO 100 ESS NiCd 


Exhibit 8c. Hardware Life Cycles (Capacity Fixed) Continued 


G-76 


Li:o 


2 50 KW i:ss 


(liiCM ) 


i:oL rKKl'UKMANCt l‘A KAIII:T LKS 


Hardware Life Cycles 

3 

A 

5 

0 

7 

8 

9 

10 

1 1 

Maxlmui;! Battery Life (Yr) 

9. 1 A 7 

0 • bO 0 

5. 537 

A. 59A 

3. 9A0 

3. A83 

3. 128 

2. 831 

2. 5 30 

Katcd Cell Capacity (All) 

SO 

50 

50 

50 

50 

50 

50 

50 

50 

Maxinum Ueptli of Discharge 

. 153 

.25 7 

. 30b 

. 3A5 

. 372 

. 39 5 

. A09 

. A25 

.A A3 

Operating Temperature (deg-K) 

2B3 

2b 3 

2b3 

283 

283 

283 

283 

283 

283 

Max. Discharge Current (A) 

i 1 .UBO 

1 b . 3 7 9 

22.053 

2A.035 

20.017 

28. 2A0 

29.312 

30. A 70 

31.720 

Minimum Voltage (V) 

1 . 1 A 1 

1.100 

1.090 

l.ObO 

1.073 

1.009 

1.007 

1 .OOA 

1.059 

K e c li a r g e Fraction 

1.117 

1 . 05A 

1.032 

l.Olb 

1.009 

1.005 

1.005 

1.005 

1 . 00 5 

Charge Current (A) 

H . A 9 A 

1 i. 29b 

15.030 

17.213 

18.A39 

19. A78 

20.217 

21.010 

21.878 

Charge Voltage ( V ) 

1.039 

1.007 

1.07b 

1.087 

1.093 

1.097 

1.099 

1 . 702 

1.710 

Watt-Hour efficiency 

.023 

.030 

.0 29 

.029 

.028 

.627 

.025 

.622 

.010 

PHYSICAL CHAkACTLKlST ICS 










Total Humber of Cells 

236 1 7 

1 A 7A2 

12A95 

1 1280 

lOAAO 

9922 

9 5 59 

92 72 

8900 

Humber of Parallel Batteries 

209 

120 

105 

9A 

87 

82 

7 9 

70 

7 3 

Humber of Modules per Battery 

B 

b 

b 

b 

b 

8 

b 

b 

« 

Battery Cell Wclglit (Kg) 

2.027 

2.027 

2.027 

2.027 

2.027 

2.027 

2.027 

2.027 

2.02 7 

Battery Cell Volume (Cm'^J) 

725 

725 

725 

725 

725 

725 

72 5 

725 

725 

LS S We 1 gh t ( Kg ) 

00 70 7 

3/79A 

33689 

29382 

2708A 

2718A 

2A959 

2 5085 

250A5 

LSS Volume (II '‘3) 

A1 3. 1 50 

2AA. b30 

2 1 A. 230 

183.620 

108. 320 

108. 320 

153.020 

153.020 

153.020 

LIFL CYCl.L COSTS (19BUM$) 










DDTixL Cost 

A A . 1 0 7 

29. 3b 7 

25.689 

23.617 

22. 200 

21. 389 

20. 735 

20.285 

1 9. 702 

l*r oduc t ion Cos t 

21 5. 31 A 

1 3 0 . A 0 0 

1 19.995 

106. 737 

98.987 

97. 300 

91. A5A 

90.701 

89.322 

Operations (i Maintenance Cost 

1 3«3. 29A 

1 1 32. 5b9 

1192. 35A 

1290. 232 

1397.065 

1513.097 

16A3. 753 

1703.007 

180 7.000 

LSS LIFL CYCLL COST 

10A2. 775 

129b. A30 

1 33b. 03b 

1A20. 580 

1518.858 

1031.852 

1 7 55. 9A2 

187A.053 

1970.090 

Solar A r r ii y Cost 

1A9A. «30 

1 Ab7. 352 

1A90. 73A 

1 A90. 187 

1A83. 93A 

1A91. 31 A 

1 A 9 2 . 8 5 1 

1505.298 

1 5 1 0. 8A 9 

Thermal Control Coat 

2S.035 

25.715 

2A.955 

2A. Ab5 

2A.079 

2 A . 0 2 A 

2A.055 

2A. 335 

2 A . 7 7 9 

Power ConrI 1 1 Ion i n g Cost 

lb. 557 

12. Ob 2 

10.351 

9. A2A 

8.820 

8. 39A 

8.132 

7.870 

7.000 

TOTAL LIKL CYCLL COST 

3lbA. 197 

2b23. 5b5 

2bOA.07b 

29A A.682 

3035.697 

3155. 58A 

3280.980 

3A12. 150 

3519. 32A 


Exhibit 8d, Hardware Life Cycles (Capacity Fixed) 
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Exhibit 8d, Hardware Life Cycles (Capacity Fixed) Continued 


8L’D 


LLO 


2 3 KU i:ss 


(Nill2 ) 


iiOL rLKFOUilANCL FAKAIIKTLKS 
Hardware Life Cycles 
llaxiiaum Battery Life (Yr) 
Kated Ceil Capacity (All) 

(lax i MU in Deptli ol Discharge 
Operating, Temperature (dej;-IC) 
Max. Discharge Current (A) 
Minimum Voltage (V) 

U e c li a r g e Fraction 
Charge Current (A) 

Charge Voltage ( V ) 

W a 1 1 - 1 1 o u r L f f I c i e n c y 

IMIYS ICAL CIIAKACTLKISTICS 
Total U umber of Ceils 
Humber of Tara I lei liatterles 
Humber of Modules per Battery 
Battery Cell Weight (Kg) 
Battery Cell Volume (Cm^J) 

LliS \/clght (Kg) 

LSS Volume (M'^J) 

LIKL CYCLL COSTS (198011$) 

DDTM. Cost 
F r o d u c 1 1 o n Cost 

Operations & Maintenance Cost 

LSS LIFL CYCLL COST 
Solar Array Cost 
Thermal Control Cost 
Fower Conditioning Cost 

TOTAL LIFL CYCLL COST 



J 

4 

11.091 

9 . A 2 a 

7.778 

35 

/•5 

33 

.250 

. J25 

.400 

2b J 

2«3 

283 

20. 0A9 

20. 969 

20.278 

1.211 

1.137 

1.130 

1.071 

1.071 

1.072 

1 A. 7 30 

15. A 20 

14.919 

1.002 

1.093 

1.083 

. ObO 

.037 

.038 


1 284 

1 344 

1350 

12 

1 2 

12 

4 

4 

3 

1.247 

1.021 

. 794 

340 1 

19 36 

1772 

3105 

2840 

2400 

38. 390 

18.904 

28.446 


10.4 4 0 

10.121 

9.028 

18.017 

15.302 

14 . 904 

34.131 

49.822 

77. 363 

82. 588 

75.245 

101.955 

227.154 

248. 170 

24 1.938 

7.004 

7.494 

7. 327 

. 1.045 

1.045 

1.045 

318.451 

332. 300 

332.805 


5 

6 

' 8 

6.154 

4.742 

3.498 

30 

23 

25 

.475 

.550 

.025 

283 

283 

283 

20.018 

19.728 

22.377 

1.130 

1.102 

1.081 

1.072 

1.072 

1.077 

15.109 

14.514 

10.532 

1.690 

1.710 

1.719 

.024 

.001 

. 584 


1 380 

1404 

1440 

12 

12 

12 

5 

3 

5 

.080 

.507 

. 507 

1095 

1620 

1020 

220 1 

1974 

2005 

28.440 

28.440 

28.440 


9.413 

9.173 

9.281 

14.721 

14.436 

14.579 

90.807 

1 15.636 

153.012 

120. 94 1 

139, 205 

179.472 

249.500 

240.425 

280.083 

7.440 

7.519 

8.010 

1.645 

1.645 

1.643 

379.520 

394. 854 

409.810 


12 

20 

40 

2. 394 

1.433 

.0 90 

20 

2 0 

20 

. 700 

.775 

.8 50 

283 

283 

283 

20. 108 

22. 257 

24.310 

1.071 

1.057 

1.031 

1.083 

1 . 094 

1.114 

14.981 

10.725 

17.784 

1.720 

1.729 

1.746 

.373 

. 559 

. 530 


1452 

14 04 

1 300 

1 2 

12 

1 2 

5 

5 

5 

.454 

.454 

.454 

1547 

1347 

1 54 7 

1 783 

1840 

1919 

28.440 

28.440 

31.007 


8.982 

9.0 30 

9. 1 20 

14.254 

14.302 

15.00 3 

231.814 

388. 189 

795.408 

255.050 

411.521 

819.057 

20 1.005 

288. 1 1 3 

311.202 

7. 797 

8.22 7 

8. 703 

1.045 

1.045 

1.645 

525.497 

709.500 

1141.207 


Exhibit 9a. Depth of Discharge (Capacity Variable) 
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Exhibit 9a. Depth of Discharge (Capacity Variable) Continued 


08'D 


LLU 


3UK\i bSS 


(Mill 2) 


!• 0 L n: K K 0 K n A ci; r A K A n L I K K S 
ilaniviavo Life Cycles 
Maximum battery Life (Yr) 

Kated Cell Capacity (All) 
Maximum Uei>tli of Uischart'e 
O p e r a 1 1 II Temperature ( d e - K ) 
Max. Discharge Current (A) 
Mini mum Voltage (V) 

Recharge Fraction 
Charge Current (A) 

Charge Voltage (V) 

Walt -II our efficiency 

IMIYS ICAL CIIAKACTI* K IS T ICS 
Total Number of Cells 
Number of Parallel batteries 
Number of Modules per battery 
battery Cell Weight (Kg) 
battery Cell Volume (Cni'^J) 

LSS Weight (Kg) 

LSS Volume (M'^J) 

LIFL CYCLL COSTS (l9bOM$) 

D D T & L Cost 
Production Cost 

Operations & Maintenance Cost 

LSS LlKi: CYCLR COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL LIFL CYCLL COST 


J 

J 

4 

5 

0 

8 

12 

20 

4 0 

11.091 

9.428 

7. 778 

0.154 

4.742 

1.498 

2. 194 

1.411 

.6 90 

110 

85 

70 

00 

50 

45 

40 

15 

15 

.250 

.12 5 

.4 00 

.4 75 

.550 

.625 

. 700 

. 775 

.8 50 

2b J 

281 

281 

281 

281 

281 

28 1 

28 1 

281 

40. 09 7 

19.609 

40.557 

41.215 

19.455 

40.278 

40.215 

18.950 

42.541 

1.211 

1.157 

1.150 

1.110 

1.102 

1.081 

1.071 

1.057 

1.011 

1.071 

1.071 

1.072 

1.072 

1.072 

1.077 

1.085 

1.094 

1.114 

29.497 

29.118 

29.838 

10. 117 

29.028 

29.791 

29.902 

29.208 

11.119 

1.662 

1.095 

1.081 

1.0 90 

1.710 

1.719 

1.720 

1 . 729 

1.740 

.6 00 

.617 

.018 

.024 

.001 

.584 

.571 

.559 

. 510 


1284 

1 144 

1150 

1 180 

1404 

1440 

1452 

14 04 

1 500 

12 

1 2 

12 

12 

12 

12 

1 2 

1 2 

i 2 

4 

4 

5 

5 

5 

5 

5 

5 

5 

2.495 

1.928 

1 .588 

1.101 

1 . 1 34 

1.021 

. 90 7 

. 794 

.7 94 

4 128 

1825 

1042 

1521 

2020 

1916 

1851 

1 772 

1772 

5951 

5040 

44 22 

4022 

1508 

14 12 

1185 

2915 

107 1 

18. 590 

48. 751 

42.600 

44.692 

28.446 

28.446 

28.440 

28.446 

11. 007 


12.212 

11.141 

10. 708 

10. 11 1 

9.870 

9.728 

9. 500 

9.256 

9. 175 

25,287 

22. 185 

20.280 

20. 181 

17.450 

10.952 

16.207 

15.461 

10.205 

04.052 

59.021 

87.894 

1 1 1. 101 

125.119 

105.801 

245. 141 

401.900 

824. 811 

101.551 

91. 147 

118.882 

141.851 

152.445 

192.541 

271.050 

420.085 

850. 471 

196. 279 

411.577 

422. 1 15 

415. 100 

429.948 

449.975 

455.187 

451. 504 

487.711 

8.927 

9. 514 

9.452 

9.080 

9.817 

10.258 

10. 194 

10.498 

1 1. 411 

1.045 

1.045 

1.045 

1.045 

1.045 

1.045 

1.045 

1.045 

1.045 

508.402 

518.101 

552.094 

588.478 

591.875 

054.419 

718.470 

890. 192 

1151. 204 


Exhibit 9b, Depth of Discharge (Capacity Variable) 
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Exhibit 9b. Depth of Discharge (Capacity Variable) Continued 


LLO 


lOUKli tSS 


(1UU2) 


liUL l*lilU*OIUIANUi: I’AKAllLTIjKS 
llarJware Life Cycles 
llaximuni liattery Life (Yr) 
Katc^J Cell Capacity (All) 
flax i mu in Depth of Dlscnarge 
Operating Temperature (deg-K) 
/lax. Discharge Current (A) 

II Ini mum Voltage (V). 

K c c h a r g c F r a c t I o n 
Charge Current (A) 

Charge Voltage (V) 

Watt-Dour efficiency 

FDYSICAL CUAKACTLRISTICS 
1 o t < 1 L /lumber of Cells 
Dumber of Parallel batteries 
Number of 1 1 o d u L e s per battery 
battery Cell Weight (Kg) 
battery Cell Volume (Cm'^i) 

CSS Weight (Kg) 

KSS Volume (irj) 

LIFC CYCLL COSTS (19«0M$) 

DI)Ti*i: Cost 
Production Cost 

^ Operations ilalnte nance Cost 

5 

i 

CHS LIFL CYCLL COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL LIFL CYCLL COST 


J 

3 

A 

11.091 

9. A28 

7.778 

2 15 

1 70 

135 

.2 50 

. 325 

.A 00 

28 J 

283 

283 

78.371 

79. 216 

78.216 

1.211 

1.157 

1.150 

1.071 

1.071 

1.072 

57.653 

58.275 

57. 5A5 

1.662 

1.695 

1.683 

.680 

.637 

.6 38 


128A 

1 3AA 

1356 

12 

1 2 

1 2 

A 

A 

5 

A. 876 

3.856 

3.062 

5A0A 

A85 7 

A A 32 

11276 

9 70 1 

81 76 

38. 596 

A8. 753 

A2. 660 


15.758 

1 A. 30A 

12. 899 

A 2 . A 2 7 

37.176 

32.106 

88.178 

80.031 

111.612 


1A6.J6J 1J1.511 156.017 


678. 727 

721.561 

715.271 

12. A8A 

1 3. 866 

13. AOO 

1.6A5 

1.6A5 

1.6A5 

8 3 9 . 2 l 9 

868, 583 

886.933 


5 

6 

8 

6, 1 5A 

A. 7A2 

3. A98 

115 

100 

90 

. A75 

,550 

.625 

283 

283 

283 

79.032 

78.910 

80. 55A 

1.130 

1.102 

1.081 

1.072 

1.072 

1.077 

58. IA5 

58.055 

59.585 

1.090 

1.710 

1.719 

.62A 

.60 1 

. 58A 


1380 

lAOA 

1 AAO 

12 

12 

12 

5 

5 

5 

2.608 

2.268 

2.0A1 

A 189 

A007 

3886 

730 1 

6 756 

6AA3 

AA.692 

AA.692 

AA.692 

1 2 . l A 3 

l l . 580 

11.279 

29. 39A 

27. 380 

26. 329 

1 3 A. 95 5 

1 56. 8A0 

206. 899 


176. A92 195. bOU 2A4.5U7 


733. 9A0 

750. 1 50 

785.035 

13. 786 

lA. A75 

15,311 

1.6A5 

1 .6A5 

1.6A5 

925.863 

962.070 

10A6. A98 


12 

20 

AO 

2. 39A 

1. A33 

.6 90 

80 

70 

65 

700 

.775 

.850 

283 

283 

283 

80. A 30 

77.900 

79.003 

1.071 

1.057 

1.031 

1 .085 

1 . 09A 

1. 1 lA 

5 9 . 9 2 A 

58.538 

57, 79A 

1.720 

1.729 

1 . 7 A f> 

573 

. 559 

.530 


IA52 

l A6A 

1500 

12 

12 

1 2 

5 

5 

5 

1 . 81A 

1 . 588 

1 .A 7 A 

376A 

36A2 

3582 

5988 

5A88 

537 5 

AA.692 

AA.692 

AA.692 


10.855 

10, A09 

10. 296 

2A.81 7 

23, 189 

2 2 . 8 0 A 

303. 283 

A89. 868 

97A. 0 7A 

338.955 

523. A66 

1007. 1 7A 

79A. A93 

787.871 

80 1 . 7 78 

15.587 

15.793 

16.778 

1.6A5 

1.6A5 

1.6A5 


1150.680 IJ28.775 1827. J75 


Exhibit 9c, Depth of Discharge (Capacity Variable) 
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Exhibit 9c, Depth of Discharge (Capacity Variable) Continued 




LtO 


23UKW LSS 


(14 1112 ) 


EOL PERI OUMANC t RAUAmiTEKS 
llardv^are Life Cycleu 
Maximum Battery Life (Yr) 

Rated (jell Capacity (All) 

Maxi Ilium Oeptli o£ Uiscliar^ie 
Opera tint; Temperature (dci»-K) 
Max, l)iscliari;e Current (A) 
Minimum Voitat^e (V) 

Keclinri^e Fraction 
Cliarjjc Current (A) 

Cliari^e Voltaic (V) 

Watt~llour tificiency 

PHYSICAL CIIAKACTEKISTICS 
Total Number o t Ceils 
Number ol Parallel batteries 
Number ol liuduleB per Battery 
Battery Cell Welylit (N{;) 
Battery Cell Volume (Cm^'J) 

KSS Weight (Kg) 

LSS Vo ill me (11*' J ) 

LlFi: CYCLE COSTS (19B0M$) 

DOTiiL Cost 
Production Cost 

Operations A Maintenance Cost 

LSS LIFE CYCLE COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL LIFE CYCLE COST 


J 

J 

4 

5 

6 

8 

12 

20 

4 0 

11.091 

9.428 

7. 778 

b. 154 

4.742 

3.498 

2. 394 

1.433 

. 6 90 

2b5 

210 

1 70 

145 

125 

110 

100 

90 

80 

.250 

. J25 

. 4 00 

.4 75 

.550 

.625 

. 700 

. 775 

.850 

2dJ 

283 

283 

283 

283 

283 

283 

283 

283 

9b. 597 

97.85b 

98.495 

99.649 

98.637 

98.455 

100.540 

100. 160 

97. 234 

1.211 

1.157 

1. 150 

1.130 

1.102 

1.081 

1.07 1 

1.057 

1.031 

1.071 

1.071 

1.072 

1 .072 

1.072 

1.077 

1.085 

1 . 0 94 

1.114 

71.001 

71.987 

72.405 

73.313 

72.568 

72.827 

74 . 908 

75.264 

71.131 

1 . b () 2 • 

1 . b 9 5 

1.683 

1.6 90 

1.710 

1.719 

1.720 

1.729 

1.746 

.bSO 

. b37 

.037 

.024 

.601 

. 584 

.573 

.559 

. 530 

25b« 

2b88 

2712 

2 760 

2808 

2880 

2904 

2928 

3000 

24 

24 

24 

24 

24 

24 

24 

24 

24 

4 

4 

5 

5 

5 

5 

5 

5 

5 

b . 0 1 0 

4. 76 3 

3.856 

3.289 

2.835 

2.495 

2.268 

2.041 

1.814 

bOl 1 

534 3 

4 85 7 

4553 

4310 

4 1 28 

4007 

3886 

3764 

27b 19 

2 3 78 7 

20394 

18365 

16700 

15580 

14 7 79 

1 3894 

1 3055 

77.191 

97. 506 

85.319 

89.383 

89.383 

89. 383 

89. 383 

89. 383 

89.383 


20. 364 

18.104 

lb. 100 

14.903 

1 3. 930 

13. 283 

12.777 

12. 246 

11.794 

95.953 

83, 235 

71.979 

65.259 

59.773 

56.101 

53.381 

50,440 

47.771 

193.512 

173.824 

240.974 

289.540 

332. 914 

433.110 

638.037 

1035.899 

2016.624 

309.829 

275.163 

329.053 

369. 702 

406.617 

502.494 

704 . 1 95 

1098. 585 

2076 . 189 

1400.686 

1491.724 

1501.822 

1542.559 

1565.579 

1609.295 

1658.313 

1681.959 

1652.688 

23, 155 

26.610 

25.855 

26.855 

28. 380 

29.925 

31.170 

32.440 

33.695 

2.96 1 

2.961 

2.96 1 

2.96 1 

2.96 1 

2.96 1 

2.961 

2.961 

2.96 1 

1736.631 

1796.458 

1859.691 

1942.077 

2003. 537 

2144.675 

2396.639 

2815.945 

3765.533 


Exhibit 9d, Depth of Discharge (Capacity Variable) 
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Exhibit 9d, Depth of Discharge (Capacity Variable) Continued 
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GLU 


2 5»;U LSS 


(N11I2) 


BOL PC RFORMANCL PARAI\1:T CUS 


Hardware Life Cycles 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Ha xi mu in Uattery Life (Yr) 

11.091 

9.420 

7.7 70 

6.154 

4.742 

3. 490 

2. 394 

1.433 

.690 

Rated Cell Capacity (All) 

9 5 

75 

60 

50 

45 

45 

40 

35 

35 

Maxliauin Ueptli ol Uiscliarjic 

. 250 

. 325 

.4 00 

.475 

. 550 

.625 

. 700 

.775 

.0 50 

Upe rating* Temperature (dcg-K) 

2d J 

203 

203 

20 3 

203 

20 3 

20 3 

203 

20 3 

Max, lllscliari^e Current (A) 

20.009 

20.616 

20. 294 

20.070 

20.914 

23. 750 

23.610 

22.024 

24 . 070 

Minin urn VoLta^je (V) 

1 . Jb(> 

1 . 360 

1.332 

1.303 

1.275 

1.252 

1.235 

1.216 

1.10 0 

Uecliai'iie Fraction 

1.071 

1.071 

1.072 

1.072 

1.072 

1.094 

1.157 

1.327 

1.577 

CUar>*e Current (A) 

1.119 

1.140 

1.130 

1.119 

1.165 

1.351 

1.420 

1.574 

2.7 30 

Charge Voltage ( V ) 

1 . 46 J 

1 .464 

1.466 

1 . 460 

1.470 

1.473 

1.470 

1.400 

1.509 

Watt-ilour tfflclency 

. 004 

.067 

. 040 

.020 

.009 

. 776 

. 722 

.616 

.373 

PHYSICAL CIIAKACTLRISTICS 



* 







Total Humber of Cells 

1 1 16 

1 140 

1 164 

1100 

1224 

12 36 

1 260 

1272 

1 300 

Humber of Parallel batteries 

12 

12 

12 

12 

12 

12 

1 2 

1 2 

12 

Humber of Motiules per battery 

4 

4 

4 

4 

4 

4 

4 

4 

4 

battery Cell Weight (Kg) 

2.155 

1.701 

1.361 

1.134 

1.021 

1.021 

.90 7 

.794 

.7 94 

battery Cell Volume (Cm'^J) 

3946 

3 70 3 

352 1 

2020 

19 36 

1936 

1053 

1772 

17 72 

LSS Weight (Kg) 

4 313 

36 1 3 

3070 

27 10 

25 7 7 

26 39 

2460 

224 7 

2 32 5 

K S S Volume ( M J ) 

36. 566 

36 . 560 

36. 566 

1 7. 304 

17. 304 

17. 304 

12.643 

15.003 

12.643 

LIFL CYCLL COSTS (iy«Oll$) 










DDT&L Cost 

10.053 

10. 161 

9.620 

9.27 1 

9.155 

9.206 

9.036 

0.02 1 

0. 9 20 

Production Cost 

60.512 

5 9 . 9 3 3 

56.469 

45.216 

43.313 

44.194 

41.615 

30.534 

3 9 . 6 9 3 

Operations b Maintenance Cost 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

LSS LIFL CYCLL COST 

79. 065 

70. 594 

66. 597 

54.907 

52.960 

53. 900 

51.151 

47.055 

49.113 

Solar Array Cost 

10.450 

10.063 

10.917 

11.016 

11.672 

13.272 

14.060 

15.476 

24.904 

Thermal Control Cost 

5. 362 

5.437 

5.515 

5.594 

5. 705 

5.053 

5.914 

5.945 

6.105 

Power Conditioning Cost 

1.645 

1.645 

1.645 

1.645 

1.645 

1.645 

1.645 

1.645 

1.645 

TOTAL I.IFL CYCLL COST 

97.322 

00.539 

04.674 

73.242 

7 1 .990 

74.670 

72. 770 

70.921 

01.767 


Exhibit 9e. Depth of Discharge (Capacity Variable) 
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Exhibit 9e. Depth of Discharge (Capacity Variable) Continued 
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(N1I12) 


LOL rtKKUKMANCi: PARAMI-TKKS 


Hardware Life Cycles 

10 

7 

3 

5 

A 

3 

3 

3 

J 

f 1 a X 1 in u m H a 1 1 e r y Life ( Y r ) 

J. 000 

A. 230 

5. 500 

6.750 

8.000 

9. 250 

10. 500 

1 1 . 750 

1 3. 000 

Uatevl Cell Capacity (All) 

23 

23 

30 

30 

3 5 

A5 

50 

00 

85 

naximum Leptli of Discharge 

.03 7 

.577 

. i08 

. AA 7 

. 390 

.333 

.277 

. 220 

.102 

Operating Temperature (deg-K) 

28J 

283 

283 

283 

283 

283 

283 

283 

28 3 

Max. Discharge Current (A) 

1 9. 29H 

19. 290 

19.298 

19.298 

19.298 

19. 298 

19. 298 

19.298 

19.298 

Minimum Voltage ( V ) 

1.09 7 

1.106 

1.113 

1 . 1A8 

1. 157 

1.100 

1.190 

1.23 3 

1.277 

ll e c h a r g 0 Fraction 

1 . OHO 

1.073 

1.072 

1.071 

1.071 

1.072 

1.072 

1.072 

1.072 

Charge Current (A) 

lA. J12 

1 A . 2 1 9 

1 A . 1 98 

1 A. 197 

lA. 197 

lA. 198 

lA. 198 

1 A. 198 

1 A . 1 9 8 

Charge Voltage (V) 

1.701 

1.701 

1.710 

1.673 

1.677 

1.097 

1.072 

• 1.051 

1.031 

Watt -Hour efficiency 

.397 

. 000 

.009 

.6AI 

. 6 A A 

.638 

.668 

.09 7 

.731 

IMIYiilCAL CHARACTLKiSTlCS 










Total iN u ni 1) e r of Cells 

1 A 1 6 

1 AOA 

1 392 

1350 

1 3AA 

1 3AA 

1290 

1 200 

12 12 

Hiiinber of Fa r a lie i batteries 

12 

1 2 

12 

12 

12 

12 

12 

12 

1 2 

Number of Modules per battery 

3 

5 

5 

5 

A 

A 

A 

A 

A 

liattery Cell V-Jcight (Kg) 

. 307 

. 307 

.0 80 

.080 

. 79A 

1.021 

1. 13A 

1,361 

1 . 928 

battery Cell Volume (Cm'^J) 

1020 

16 20 

1695 

10 95 

1772 

19 30 

2020 

352 1 

3825 

LSS Weight (Kg) 

19/7 

190 3 

2 196 

21 A3 

23AA 

281 7 

2955 

3 320 

A260 

CSS VoJume (M''3) 

2 H . A A 0 

2 8 . A A 0 

28. AA6 

2 8 . A A 6 

18. 96A 

18. 96A 

18. 90A 

3A. 53A 

3A.53A 

LIFL CYCLC COSTS (l'JHUil$) 










DDTM: Cost 

9.193 

9.168 

9 . A 3 1 

9. 3A 1 

9.572 

10.107 

10.221 

10.600 

1 1 . 588 

^ F reduction Cost 

^ Operations & Maintenance Cost 

lA. AHO 

lA. A3A 

1A.7A7 

lA.OAO 

13.600 

15.232 

15.035 

17.307 

19.890 

195.650 

135.638 

90. 988 

96. 726 

0A.685 

A9. 79A 

50. A20 

53.110 

50.876 

Oo 

css LIFC CYCLC COST 

2 1 9 . i J 1 

159. 260 

121.160 

120. 707 

87.923 

75. 133 

70.270 

81.077 

88. 35A 

Solar Array Cost 

2AA. J03 

2A 1 .AOA 

2A0. A53 

231.311 

230. 1 56 

232. A27 

223.022 

215.853 

20 7.1 5 7 

Thermal Control Cost 

7 . A 7 7 

7. AlA 

7. A 70 

7. 1 3A 

7.163 

7. 33A 

7.082 

0.890 

6. 70A 

Fower Conditioning Cost 

1.0A5 

1 .6A5 

1.6A5 

1.6A5 

1.6A3 

1.0A5 

1 .6A5 

1.6A5 

1 .6A 5 

TOTAL LIFL CYCLC COST 

A 7 2 . 7 50 

A09. 723 

370. 73A 

300. 797 

326.887 

316.539 

308.025 

305. A05 

303.800 


Exhibit 10a. Cell Life (Capacity Variable) 
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Exhibit 10a, Cell Life (Capacity Variable) Continued 


06-D 


Li;u 


5Uiai LSS 
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tuL PLiU'UiuiAuct i*AKArii;n:KS 
Ihii'tlware Life Cycles 
(laxlriuiii liattcry Life (Yr) 

K a l e (J Cell Capacity (All) 
Maximui.i DcpLii of Dlscliar^e 
Opera tl Hi; Temperature (dciJ-K) 
Max. UiBcliari;e Current (A) 

II ini 1.1 um Voltai;e (V) 

Uecliar^e Fraction 
Chari;e Current (A) 

CLar^ie Voltaire (V) 

V7ntt-llour efficiency 

I’ll YS LCAL CIIARACTtK 1ST ICS 
Total Number of Cells 
Number of Parallel batteries 
Number <» t Modules per battery 
battery l»ell Ueli;lit (Kg) 
battery Cell Volume (Cm'* 3) 

LSS Weight (Kg) 

CSS Volume (IPJ) 

LIFt CYCLL COSTS (iybOM$) 
l)l)Ti«L Cost 
P r o fl u c t 1 o n Cost 
Ope rations U Maintenance Cost 

CSS LIFC CYCLC COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL LIFL CYCLE COST 


lu 

7 

5 

5 

4 

3 

3 

3 

3 

J. 000 

4.250 

5. 500 

6. 750 

8.000 

9. 2 50 

10. 500 

11.750 

1 3. 000 

A5 

50 

55 

60 

70 

85 

100 

120 

16 5 

.05 7 

.577 

. 500 

.44 7 

. 390 

. 333 

.2 77 

.2 20 

. 162 

2b J 

203 

203 

203 

283 

203 

283 

203 

283 

Jb. 59A 

30.594 

30. 594 

38.594 

38.594 

38. 594 

38. 594 

38. 594 

38. 594 

1.009 

1.100 

1.110 

1.14 8 

1.157 

1.154 

1.196 

1.233 

1.275 

1 . 0 00 

1.073 

1.072 

1.071 

1.071 

1.072 

1.072 

1.072 

1.072 

20.022 

28.436 

28. 394 

28. 391 

28. 391 

28. 394 

28.394 

28. 394 

28. 394 

1 , 70A 

1.701 

1.712 

1.073 

1.677 

1.6 98 

1.672 

1.651 

1.032 

. 592 

. 606 

.00 5 

.64 1 

.644 

.634 

.667 

.69 7 

.72 9 

1 A20 

1404 

1404 

1356 

1344 

1 344 

1296 

1260 

1224 

12 

1 2 

1 2 

12 

12 

1 2 

1 2 

1 2 

1 2 

5 

5 

5 

5 

4 

4 

4 

4 

4 

1.021 

1.134 

1.247 

1. 361 

1 . 508 

1 .928 

2.268 

2. 722 

3.742 

19 30 

2020 

340 1 

352 1 

3042 

3825 

• 4007 

4 250 

4 796 

3 350 

3 54 7 

3 7 98 

3908 

4310 

5024 

5 532 

6203 

800 5 

20.4^6 

20.446 

44.692 

42.660 

48.753 

48.753 

40.628 

34. 534 

36. 566 


/ 


9.681 

9.86 8 

10. 122 

10.213 

10.624 

11.334 

11.816 

12.521 

14.218 

16. 77 1 

1 7.400 

19.939 

19.634 

21.435 

22.377 

23.918 

26.322 

32.104 

207.929 

146. 844 

1 10. 742 

1 10.094 

80.835 

59.657 

62.032 

65. 708 

74.478 

234. 381 

174.112 

140.803 

139. 94 1 

1 12.894 

93. 368 

97. 766 

104.551 

120. 800 

429.083 

421.105 

422.924 

403.546 

401.526 

405.686 

389.088 

376.580 

364.437 

9.827 

9.626 

9. 802 

9.066 

9.125 

9.475 

8. 962 

0. 580 

8. 244 

1.64 5 

1.645 

1.645 

1.645 

1.645 

1.645 

1.645 

1.645 

1.645 

675. 736 

606. 548 

575.174 

554 . 198 

525. 190 

510.174 

497.461 

491. 356 

495.126 


Exhibit 10b. Cell Life (Capacity Variable) 


EOL Max. DoD Total Cells in Parallel Hardware Life Cycles 

.5 1.0 . fl 20 40 ..0 10 20 


Legend: 


Production Cost 
0 S M Cost 

Total Life Cycle Cost 



Max Battery Life Max Battery Life 



(S 

cjl 


J. 

8 


15 


Max Battery Life 






8 

Max Battery Life 


-1 

15 


LEO 50 ESS NiH2 


Exhibit 10b, Cell Life (Capacity Variable) Continued 


Z6-0 


LLO 


lOUKW tSS 


(U1I12) 


toL rtuFoiiiiANci: i»aka»u:ti:ks 


llariJi/nre Mle Cycles 

10 

7 

5 

5 

A 

3 

3 

3 

3 

(laxlmiim Battery Life (Yr) 

3. C)00 

A. 250 

5. 500 

6.750 

8.000 

9.2 50 

10. 500 

11.750 

1 3. 000 

KntcJ Cell Capnclty (All) 

lib 

95 

110 

120 

140 

165 

195 

240 

32 5 

Max 1.11 urn Depth ot Ulr.cliariie 

.657 

.577 

. 508 

.AA7 

. 390 

. 333 

.27/ 

.2 20 

.162 

Operatiiij; Temperature (cIcg-K) 

2B3 

283 

283 

283 

283 

283 

283 

28 3 

28 3 

Max. Discliarge Current (A) 

77. 1 B8 

7 7. 188 

77.188 

77. 188 

77.188 

77. 188 

77. 188 

77.188 

77.188 

Ululuuiin Voltage (V) 

1 .085 • 

1.102 

1.110 

1 . 1A8 

1.157 

1. 153 

1.19 3 

1.233 

1.274 

Recharge 1’ r a c 1 1 o n 

1 . 080 

1.073 

1.072 

1.071 

1.071 

1.072 

1.072 

1.072 

1.072 

Charge Current (A) 

5 7 . 2 5 

5 6 . 8 7 A 

56.789 

56. 78A 

56.784 

56.789 

56. 789 

56.789 

56.789 

Charge Voltage (V) 

1.707 

1 . 703 

1.712 

1.673 

1.677 

1.699 

1.673 

1.651 

1 .632 

Watt -11 our CCllclency 

. 589 

.003 

.605 

.6A 1 

.6AA 

.633 

.666 

.697 

.72 9 

I’llYS ICAI. CIIAKACrCKlSTlCS 










Total Number of Cells 

U28 

1 AOA 

1 AOA 

1 356 

13AA 

1 3AA 

1296 

1 260 

1 22A 

Number o t Parallel Batteries 

12 

12 

1 2 

12 

1 2 

12 

12 

1 2 

1 2 

Number of Mo cl u 1 c s per Battery 

5 

5 

5 

3 

A 

A 

A 

A 

A 

Battery Cell Weight (Kg) 

1.928 

2.155 

2 . A 9 5 

2.722 

3.175 

3. 742 

A. A23 

5 . A A 3 

7.371 

Battery Cell Volume (Cin^J) 

38 2 5 

39A6 

A 128 

A250 

AA92 

4 796 

5160 

570 7 

6 74 1 

KSt; Weight (Kg) 

60/5 

OA 72 

7215 

7A36 

82A2 

94 3 7 

10A63 

121A9 

1 5A23 

CSS Volume (ll^J) 

A A . 6 9 2 

A A . 6 9 2 

AA.692 

A2.660 

A8. 753 

A 8 . 7 5 3 

40.628 

36. 566 

38.596 

LlFi: CYCCC COSTS (l!iSO;i$) 










DDT&C Cost 

10.977 

1 1 . 3A0 

12.023 

12. 235 

12. 99A 

1 A , 0 7 9 

15,020 

16.568 

19.572 

Product Ion Cost 

25.165 

26. A73 

2 8 . 9 3 1 

29.677 

32.375 

36.325 

39. 733 

A 5. 3A9 

56.26 1 

Operations & Maintenance Cost 

25A. 58A 

181.185 

133.535 

136.1A2 

102. A07 

78.827 

8A. 1 16 

92. 702 

109.2/0 

CSS LIKC CYCLE COST 

290. 726 

218. 998 

1 7A. A89 

1 78. 05A 

IA7. 776 

129.231 

1 38.869 

1 5A.6 19 

185.103 

Solar Array Cost 

750.83/ 

7 3 5 . A A 3 

737.919 

70A .086 

700.553 

708.063 

679.017 

657.020 

635.976 

Tliermal Control Cost 

1 A. A96 

1 A. 085 

1A.A06 

12.932 

1 3.050 

13.762 

12.733 

11.959 

11.295 

Power Conditioning Cost 

1 . 6A 5 

1.0A5 

1.6A5 

1.643 

1 . 6 A 5 

1 .64 3. 

1.6A3 

1.6A5 

1.6A5 

TOTAK LIFE CYCLE COST 

105 7. /OA 

970.171 

9 2 8 . A 5 9 

896. 717 

863. 02A 

852. 703 

832. 26A 

823.243 

8 3 A . 0 1 9 


Exhibit 10c. Cell Life {Capacity Variable) 
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Exhibit 10c. Cell Life (Capacity Variable) Continued 


P6-D 


LLO 


21)UKW ESS 


(N1II2) 


EOL I’EUFOUMANCE FAKAJIETEKS 


li aril ware 1 f e CyclcB 

10 

7 

5 

5 

A 

3 

3 

3 

J 

flaxiinum Uattcry Life (Yr) 

J. 000 

A. 250 

5. 500 

6.750 

8.000 

9. 2 50 

10. 500 

11.750 

1 3.000 

KaCed Ceil CupaclLy (All) 

105 

1 20 

1 35 

1 50 

175 

205 

2A5 

300 

A05 

llaxlmuin UcpCli of Ulscliarye 

.057 

.577 

. 508 

. AA7 

. 390 

.333 

.27 7 

. 2 20 

. 162 

Operating; Temperature (dei»-K) 

2B J 

283 

283 

283 

283 

283 

28 3 

283 

283 

flax. Uiscliarf»e Current (A) 

96. /i«5 

96. A85 

96. 4«5 

96. A85 

96. A85 

96. A 85 

96. A 85 

96. A85 

96. A 85 

III ni mum Voltaic (V) 

1 .085 

1.103 

1.109 

1 . 1 A8 

1.157 

1.153 

1. 19A 

1.233 

1.27A 

IvccUarEe tract ion 

1 . 080 

1.073 

1.072 

1.071 

1.071 

1.072 

1.072 

1.072 

1.072 

Chart'e Current (A) 

7 1 .555 

71.091 

70.985 

70.978 

70.978 

70.985 

70.985 

70.985 

70.985 

Charge Voltage (V) 

1.707 

1.702 

1.713 

1.673 

1.677 

1.699 

1.672 

1.651 

1.632 

Watt -II our Efficiency 

. 588 

.60A 

.60A 

.6A 1 

.6AA 

.633 

.666 

.697 

. 728 

I’llYS ICAL CIIAKACTEIUSTICS 






( 




Total Number of Cells 

2856 

2808 

2808 

2712 

2688 

2688 

2592 

2 5 20 

2AA8 

N timber of Earn Lie! Batteries 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

Number of llo doles per battery 

5 

5 

5 

5 

A 

A 

A 

A 

A 

Battery Cell Weight (Kg) 

2. 381 

2. 722 

3.062 

3. A02 

3. 969 

A.6A9 

5.557 

6. BOA 

9.185 

Battery Cell Volume (Cm'^J) 

4067 

A250 

AA32 

A6 1A 

A918 

5282 

5 768 

6A 38 

771 A 

ESS Weight (Kg) 

1 A87 J 

16110 

1 7606 

18399 

20A 1 A 

23286 

26079 

30182 

3826 3 

ESS Volume (fPJ) 

89. 383 

89. 383 

89. 383 

85.319 

97 . 506 

97. 506 

81.255 

73.132 

77.191 

LIFE CYCLE COSTS (198011$) 










DDTbE Cost 

1 2. V03 

13.626 

lA. A89 

1A.977 

16.181 

17.825 

19. A60 

21.862 

26. 578 

Froductlon Cost 

53. 8A8 

57.921 

62.823 

6 5 . A 9 5 

72.202 

81.609 

90.852 

lOA. A32 

131.168 

Operations & Maintenance Cost 

53A.OOA 

385. A32 

282. 390 

291.292 

222.050 

171. A70 

185.731 

206. A20 

2A6. 853 

ESS LIFE CYCLE COST 

600. 755 

A 56. 9 79 

359. 702 

371. 76A 

3 1 0 . A 3 3 

270. 90A 

296. 0A3 

332. 7 1 A 

AUA. 599 

Solar Array Cost 

1567.266 

153A. 596 

15A0. 391 

1A69. A89 

1 A62. 1 1 7 

1A77.880 

1A17. 133 

1 37 1.2 7A 

1327.319 

Thermal Control Cost 

28. A5l 

27. 389 

28. 23A 

2A. 526 

2A. 82A 

26.606 

2A.027 

22.095 

20. A 35 

Power Conditioning Cost 

2.96 1 

2.96 1 

2.96 1 

2.96 1 

2.90 1 

2.96 1 

2.96 1 

2.96 1 

2.96 1 

TOTAL LIFE CYCLE COST 

2 1 9 9 . A 3 3 

2 0 2 1 . 9 2 5 

193 1 .288 

1868. 7A0 

1800. 335 

1778.351 

1 7A0. 16A 

1 729.0AA 

1 75 5 . 3 1 A 


Exhibit lOd, Cell Life (Capacity Variable) 


EOL Max. DoD Total Cells in Parallel Hardware Life Cycles 
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Exhibit lOd. Cell Life (Capacity Variable) Continued 


G-96 


GLO 


25kU liUS 


(U1I12 ) 


LUL l‘LUruililAl4CG t^AKAMl.TKKS 
lid Til ware Life Cyclea 
tlaxlriiuii) Uattory Life (Yr) 
Kated Cell Capacity (All) 
Ilaxluum Depth of Ulscharj»e 
Operatlni; Temperature (deg-K) 
II ax. Ulscliar^ie Current (A) 
lllnlmuin VoltaiiC (V) 

Rechar^^c Fraction 
Char tie Current (A) 

Charjic Voitatie (V) 

Watt -II our efficiency 

niYSlCAL CIIARACTLRISTICS 
Total Number of Cells 
Number ol Parallel Batteries 
Number of Modules per Battery 
Battery Cell VJeltiht (Rg) 
Battery Cell Volume (Cm *^3) 

LSS Weight (Kg) 

LBS Volume (IP 3) 

LIFL CYCLL COSTS (l^dUilB) 

DDT6L Cost 
Production Cost 

Operations & Maintenance Cost 

LSS LlFL CYCLL COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL LIFL CYCLL COST 


1 

1 

1 

3.000 

4.250 

5. 500 

35 

40 

45 

.057 

.577 

. 508 

203 

2B3 

2B3 

19.297 

19.297 

19.297 

1.245 

1 . 266 

1.291 

1. IIB 

1.073 

1.072 

1.122 

1.077 

1.075 

1.475 

1.471 

1 . 469 

. 755 

.BOl 

. 820 


1248 

1224 

1200 

12 

12 

12 

4 

4 

4 

. 794 

.90 7 

1.021 

1772 

1853 

1936 

2164 

234 3 

2514 

18.964 

17.384 

17.38 


8. 743 

8.916 

9.079 

37.339 

39.917 

42.381 

. 500 

. 500 

. 500 


A6.5B2 A9.333 51.960 


1 1 .528 

10.962 

10. 762 

5. 754 

5.689 

5.615 

1.645 

1.645 

1.645 

65.509 

67.629 

69.982 


1 

1 

1 

6. 750 

8.000 

9.250 

55 

60 

70 

.44 7 

. 390 

.3 33 

283 

283 

283 

19.297 

19.297 

19.297 

1 . 322 

1.338 

1.35 9 

1.071 

1.071 

1.072 

1.075 

1.075 

1.075 

1.467 

1.466 

1.464 

. 84 1 

.852 

.866 


1 1 76 

1164 

1140 

12 

12 

1 2 

4 

4 

4 

1.24 7 

1.36 1 

1.588 

3461 

352 1 

3642 

2879 

3056 

3398 

36.566 

36.566 

36.56 


9.448 

9.621 

9. 953 

55.264 

56.390 

58.562 

. 500 

. 500 

. 500 


65.212 66.511 69.015 


10.575 

10.482 

10.302 

5.528 

5.484 

5.425 

1.645 

1.645 

1.645 

82.960 

84.122 

86.387 


1 

1 

1 

10. 500 

11.750 

1 3. 000 

85 

105 

145 

.277 

.220 

.162 

283 

283 

283 

19.297 

19.297 

1 9.297 

1 .379 

1. 396 

1.418 

1.072 

1.072 

1.072 

1.075 

1.075 

1.075 

1.463 

1.462 

1.461 

.880 

.891 

. 906 


1 128 

1 1 16 

1092 

12 

12 

1 2 

4 

4 

4 

1.928 

2.381 

3.289 

3825 

4067 

4 5 53 

3952 

4688 

6 110 

36.566 

36 . 566 

36. 56 


10. 508 

11.230 

12. 596 

63.271 

73.993 

94.711 

. 500 

. 500 

. 500 


M. 2 79 B5. 72 3 10 7 .B07 


10.209 

10.115 

9.931 

5. 373 

5. 331 

5.277 

1.645 

1.645 

1.045 

91.506 

102.814 

124.660 


Exhibit lOe, Cell Life (Capacity Variable) 


EOL Max. DoD Total Celle in Parallel Hardware Life Cycled 


Production Coot 
0 S M Coot 

Total Life Cycle Coot 



5r 


S- 


QJ 1 1 1 1 

T 0 15 

Max Battery Life 




CO 



Legend: 


IS) 

LOr 



Max Battery Life 


GEO 25 KW ESS NiH2 


Exhibit lOe, Cell Life (Capacity Variable) Continued 


26 -D 


LLO 


2 5KU LI>S 


(H1U2) 


LUL |•LRFOU^AUCl: FARAm:Ti:US 
llarJwaru Life Cycles 
Maxi mu It) Uattery Lite (Yr) 

Uated Cell Capacity (All) 
flax ilium Depth ot DLacliar^e 
Uperatiiit; Temperature (deg— K) 
Max. Discharge Current (A) 
Minimum Voltage (V) 
lie char go Fraction 
Charge Current (A) 

Charge Voltage (V) 

Watt -Hour Ltflclency 

IMIYS ICAL CIIAKACTLKISTICS 
Total M u I.) b e r of Cells 
Humber ot Parallel batteries 
Number of Modules per battery 
battery Cell Weight (Kg) 
battery Cell Volume (Ciii'^J) 
liSS Weight (Kg) 

LSS Volume (M'^J) 

LIFE CYCLE COSTS (lVbOM$) 

DDTgL Cost 
Production Coat 

Operations U Maintenance Cost 

ESS LIFE CYCLE COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL LIFE CYCLE COST 


J 

3 

4 

5 

6 

8 

12 

20 

40 

11.091 

9.428 

7.7 78 

6. 154 

4.742 

3. 498 

2. 394 

1.433 

.6 90 

50 

50 

50 

50 

50 

50 

50 

50 

50 

.250 

. 325 

.400 

.475 

.550 

.025 

. 700 

.775 

.850 

2d J 

283 

283 

283 

283 

283 

283 

283 

283 

17.81 J 

23.157 

28. 946 

33.080 

38.594 

38.594 

46.313 

46.313 

57. 892 

1.213 

1.157 

1.150 

1.132 

1.103 

1.092 

1.074 

1.065 

1.034 

1.071 

1.071 

1.072 

1.072 

1.072 

1.077 

1.085 

1 . 094 

1.114 

13.104 

1 7.036 

2 1 . 296 

24. 338 

28. 394 

28.548 

34.505 

34.801 

44.278 

1.662 

1.695 

1.683 

1 .689 

1. 709 

1.713 

1.717 

1.720 

1.746 

.082 

.037 

. 0 38 

.025 

.602 

.592 

.577 

. 566 

.531 


139 1 

1 1 20 

904 

798 

7 02 

708 

600 

605 

500 

1 3 

10 

8 

7 

6 

6 

5 

5 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

1. 134 

1.134 

1.134 

1.134 

1.134 

1. 1 34 

1.134 

1.134 

1.134 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

34 76 

2 5 98 

2 178 

1965 

1776 

1791 

1577 

1590 

1 394 

31.631 

17. 353 

18.068 

14.983 

14.223 

14.223 

7.953 

7.953 

6.081 


10.581 

9.673 

8.998 

8.653 

8. 336 

8. 357 

7.994 

8.012 

7.657 

17.068 

14.249 

12.593 

11.759 

11.008 

11.062 

10.213 

10.259 

9.460 

54 . 288 

43.209 

55.824 

63.585 

67.900 

92.007 

122.070 

206. 317 

351 . 932 

81.937 

67.131 

77.415 

83.99 7 

87.244 

111.426 

140. 277 

224 . 588 

369.049 

220.242 

232.158 

232.497 

234.816 

242.007 

245.229 

250.416 

254.155 

267. 895 

6.993 

7.312 

7.223 

7.275 

7.465 

7.557 

7.656 

7. 760 

8. 156 

1. 7bl 

1 .409 

1.166 

1.042 

.914 

.914 

. 783 

. 783 

.648 

310. 933 

308.010 

318. 301 

327. 130 

337.630 

365. 126 

399. 1 32 

487. 286 

645. 748 


Exhibit 1 la. Depth of Discharge (Capacity Fixed) 


Max Battery Life Total Celle in Parallel Hardware Life Cyclee 




EOL Max DoD 
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Exhibit 1 la. Depth of Discharge (Capacity Fixed) Continued 


OOl-D 


LLU 


3 0 KW i:ss 


(NIII 2 ) 


1:01, im:uihmuianc:l invraultiius 


11 a r dvy.'i r 0 L 1 1 »? Cyclea 

J 

J 

4 

5 

0 

8 

12 

2 0 

40 

llaxiiniita Uattery Life (Yr) 

11.091 

9.428 

7.778 

0.154 

4.742 

3.498 

2. 3 94 

1.433 

.0 90 

Katcd Ceil Capacity (All) 

50 

50 

50 

50 

50 

50 

50 

50 

50 

ilaximum DcptU ot Ulschar^iu 

.2 30 

.3^5 

.4 00 

.475 

.550 

.025 

. 700 

. 775 

.850 

Upe rat ini' Temperature (dey-K) 

2b J 

283 

283 

283 

283 

283 

28 3 

283 

283 

llax. Discharge Current (A) 

17.813 

23. 157 

28.946 

33.080 

38. 594 

42.103 

40.313 

51.459 

57.892 

1 i 1 n i m 11 ill Voltage ( V ) 

1.213 

1.157 

1.150 

1.132 

1.10 3 

1.080 

1.074 

1.001 

1.034 

K e c a r g e Fraction 

1.071 

1.071 

1.072 

1.072 

1.072 

1.077 

1.085 

1.094 

1.114 

Charge Current (A) 

1 3. lOA 

17.030 

21.290 

24.338 

28. 394 

31.143 

34.505 

38.008 

44.278 

Charge Voltage (V) 

1.602 

1.095 

1.083 

1.089 

1 . 709 

1.716 

1.717 

1.725 

1 . 740 

Watt-llour efficiency 

.082 

.0 37 

.038 

.025 

.002 

, 587 

.577 

. 562 

.531 

I’ll YS ICAh CIIARACTCK I ST ICS 










Total Number of Cells 

2 782 

2240 

180 8 

1590 

1404 

1 309 

1 2 00 

1098 

1000 

Number of 1’ a r a 1 1 c L batteries 

20 

2 0 

16 

14 

12 

1 1 

10 

9 

8 

tUnnber ot Modules per battery 

4 

4 

5 

5 

5 

5 

5 

5 

5 

battery Cell Uelght (Kg) 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

1 . 1 34 

battery Cell Volume (Cni^J) 

21)2 0 

20 20 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

CSS Weight (Kg) 

0 9 50 

50 1 1 

4 355 

39 2 9 

355 1 

3720 

' 3152 

3210 

2 788 

CSS Volume (11*^3) 

03.203 

59.931 

30.137 

29.965 

28. 440 

28.440 

15.907 

15.907 

18.928 

LIFK CYCCt COSTS (19«0II$) 










DDTfiiK Cost 

13. 702 

12.250 

11.017 

10.417 

9.86 9 

9.654 

9. 281 

9.031 

8. 704 

1’ r 0 d u c 1 1 n Cost 

29.411 

25.319 

20.546 

18.893 

1 7.408 

17.430 

15.837 

15. 599 

14.351 

Operations & Maintenance Cost 

103. 542 

82.755 

105.016 

1 17.804 

125.070 

157.385 

219.550 

340. 284 

023.067 

CSS LlFC CYCLC COST 

146.715 

120. 324 

130.579 

147. 174 

152.353 

184.409 

244.008 

364. 914 

046. 1 22 

Solar Array Cost 

384.257 

405.032 

405.639 

409.685 

422.230 

431.410 

430.907 

447.417 

467.408 

Thermal Control Cost 

8.7 84 

9.423 

9.247 

9. 348 

9. 729 

9.983 

10.110 

10.411 

11.111 

Cower Conditioning Cost 

J . 1 0 9 

2.537 

2.100 

1.875 

1.645 

1.528 

1.409 

1 . 289 

1 . 106 

TOTAL LlFC CYCLE COST 

542.925 

537.336 

553, 505 

508,082 

585.903 

027.390 

093.094 

824.031 

1125.807 


Exhibit 11b. Depth of Discharge (Capacity Fixed) 


Max Battery Life Total Celle in Parallel Hardware Life Cycles 




EOL Max DoD 
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EOL Max DoD 
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Exhibit 11b, Depth of Discharge (Capacity Fixed) Continued 


ZOl-D 


LCU 


lUUKW liS 


( 1 UII 2 ) 


LOL l‘UU<Oimy\NCli: I’A K AMi:T LK S 
II L’tlwij r u Life Cycles 
Maximum Uattery Life (Yr) 
Kated Cell Capacity (All) 
Maximum Depth oi Discharge 
Operatirii* Temperature (dcy-K) 
Max. Dischartio Current (A) 
Minimum Volta^je (V) 

Kccliariic Traction 
Charjjc Current (A) 

Char<»e Volta^jc (V) 

Watt -II our Ciiiciency 

I’llYSiCAC CIIARACTKKiSTICS 
Total Number of Cells 
Number of L’arallel llatteries 
Number of Modules per Battery 
Battery Cell Weiylit (Kj») 
Uattery Ceil Volume (Cm'"3) 

ESS Wclcht (Ky) 

ESS Volume (IPJ) 

LIFE CYCEE COSTS (19000$) 

D0T6.E Coat 
F r o d u c t I o n Cost 

Operations Im Maintenance Cost 

ESS LIFE CYCEE COST 
Solar Array Cost 
Thermal Control Cost 
Fower Conditioning Cost 

TOTAE EIFE CYCLE COST 


J 

3 

4 

5 

6 

0 

12 

20 

4 0 

11.091 

9.420 

7.770 

6.154 

4 . 742 

3.490 

2.394 

1.433 

.6 90 

50 

50 

50 

50 

50 

50 

50 

50 

50 

.2 50 

. 325 

.4 00 

.4 75 

.550 

.625 

. 700 

.775 

.050 

20 J 

203 

203 

203 

203 

203 

203 

203 

203 

10.163 

23.157 

20. 946 

34. 306 

30. 594 

44. 100 

40.750 

54.405 

57.092 

1.211 

1 . i 57 

1.150 

1.130 

1 . 103 

1.002 

1.072 

1.050 

1.034 

1.071 

1.071 

1.072 

1.072 

1.072 

1.077 

1 . 005 

1.094 

1.114 

1 3. 362 

1 7.036 

21.296 

25.240 

28. 394 

32.627 

36.321 

40.942 

44.270 

1.662 

1.695 

1.603 

1.690 

1 . 709 

1.710 

1.719 

1.727 

1 . 746 

. 6 00 

.6 37 

.630 

.624 

.602 

.504 

.575 

. 560 

. 531 


54 5 7 

4 4 00 

36 16 

3105 

2000 

2520 

2299 

2074 

2000 

51 

40 

32 

27 

24 

21 

19 

17 

16 

4 

4 

5 

5 

5 

5 

5 

5 

5 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

1 . 1 34 

1.13 4 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

13019 

10390 

0 70 0 

7992 

7102 

6537 

6 72 7 

6033 

55 7 5 

114.430 

103. 240 

72.273 

5 9 . 9 3 i 

56. 704 

44. 940 

44.940 

42.669 

3 7.05 


19.757 

17.193 

15.039 

13. 754 

12.964 

12.220 

1 1. 702 

11.095 

10.075 

53.335 

42.776 

36.290 

33.003 

30.096 

27.097 

27.505 

25.257 

24.044 

19 7. 9 34 

150. 703 

202.090 

219. 701 

230. 779 

206. 796 

397. 502 

605. 534 

1 16 1.630 

271.026 

210.672 

254. 227 

266.450 

201.039 

326.913 

436. 709 

64 1 . 006 

1196.557 

670.555 

706.712 

707. 737 

7 20. 1 74 

736.702 

750.464 

760.203 

701.676 

015.507 

12. 376 

13.645 

13. 292 

13. 500 

14.250 

14.003 

15 . 144 

15.676 

17.023 

5.611 

4.566 

3 . 779 

3. 272 

2.961 

2.644 

2.429 

2.210 

2.100 

959.560 

943.595 

979.035 

1003.492 

1035. 760 

1102.904 

1222.405 

1441.440 

2031. 107 


Exhibit 11c. Depth of Discharge (Capacity Fixed) 


Max Battery Life Total Celle in Parallel Hardware Life Cycles 
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Hardware Life Cycles 

J 

3 

4 

5 

6 

8 

12 

20 

40 

liaxinuirn Battery Life (Yr) 

11.091 

9.428 

7.778 

0. 154 

4.742 

3.498 

2. 394 

1.433 

.6 90 

Hated Cell Capacity (All) 

50 

50 

50 

50 

50 

50 

50 

50 

50 

naxli.uim Depth of Discltar^^e 

. 250 

. 325 

.400 

.4 75 

.550 

.625 

. 700 

. 7 75 

.8 50 

Operating Temperature (Jeg-K) 

28 J 

283 

283 

283 

283 

283 

28 3 

283 

283 

Max. Discharge Current (A) 

18.090 

23.157 

28.946 

34.054 

39.248 

44.531 

49. 268 

55. 135 

5^. 375 

Mlnltnum Voltage (V) 

1 . 2 1 2 

1.157 

1.150 

1.130 

1 . 102 

1.081 

1.071 

1.057 

1.032 

Ke charge Fraction 

1.071 

1.071 

1.072 

1.072 

1.072 

1.077 

1 .085 

1.0 94 

1.114 

Charge Current (A) 

1 J. J08 

17.036 

21.296 

25.054 

28.875 

32.939 

36.707 

4 1 . 430 

44.425 

Charge Voltage (V) 

1.002 

1.095 

1.683 

1.6 90 

1. 709 

1.719 

1.720 

1.728 

1 . 746 

l/att-llour Efficiency 

.081 

.0 37 

.638 

.024 

.602 

. 584 

.574 

. 559 

.531 
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Total Number of e 1 1 s 

1 30 96 

1 1 200 

9040 

7 7 52 

6903 

6240 

5687 

5124 

4 87 5 

Humber of Parallel Batteries 

128 

IDO 

80 

68 

59 

5 2 

4 7 

42 

39 

Number of Modules per Battery 

4 

4 

5 

5 

5 

5 

5 

5 

5 

Battery Cell Weight (Kg) 

1. 1 34 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

Battery Cell Volume (Cin'^J) 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

20 20 

ESS Weight (Kg) 

31022 

2 7 4 4 1 

21 769 

20469 

19 201 

1 756 7 

1 54 7 3 

14063 

1 399 5 

ESS Volume (iPi) 

201. 560 

268. 4 30 

180.680 

162.620 

151.420 

132. 500 

113.570 

89.896 

94.640 

LIFE CYCLE COSTS (198011$) 










DDT&i: Cost 

27.229 

.;3. 286 

19.834 

17.801 

16.444 

15.351 

14,404 

13.469 

1 J. 084 

Production Cost 

1 18.059 

102. 107 

83.066 

75.931 

70.373 

64.675 

58. 398 

53.512 

52.517 

Operations & Maintenance Cost 

487.071 

387. 809 

494. 857 

534.990 

568. 794 

683. 195 

942.752 

1426.431 

2 702.4 78 

ESS LIFE CYCLE COST 

032. 359 

513. 282 

597.757 

628. 728 

655.611 

763.221 

1015. 554 

1493.412 

2768.079 

Solar Array Cost 

1 399. 333 

1474,970 

1 4 7 7 . 1 2 7 

1492.441 

1537.952 

1 583. 168 

1603.696 

1631.812 

1672. 371 

T li e r nia 1 Control Cost 

23.131 

26. 31 1 

25.430 

25.971 

27.868 

29.415 

30.082 

31.415 

34. 1 16 

Power Conditioning Cost 

12.245 

9.932 

8. 220 

7.161 

6.34 9 

5.704 

5.236 

4.759 

4.46 9 

TOTAL LIFE CYCLE COST 

2007.068 

2024.495 

2108.534 

2 154 . 30 1 

2227. 780 

2381.508 

2654.568 

3161. 398 

4479.035 
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EOL PEKFOUflANCE rAKAMETEUS 


llarJwarc Life Cycles 

V 

1 

1 

liaxliniiM Battery Life (Yr) 

11.091 

9. 42B 

7. 778 

Uated Cell Capacity (All) 

50 

50 

50 

Maxi mu 111 Depth of Discharge 

. 250 

.325 

. 400 

Operating Temperature (deg-K) 

2ilJ 

2B J 

283 

llax. UlBchargc Current (A) 

1 0 . 5 2 () 

13.022 

16.541 

Minimum Voltage (V) 

1 . ISO 

1 . JOi 

1.334 

Recharge Fraction 

i.071 

1.071 

1.072 

Charge Current (A) 

. 5 BO 

.759 

. 922 

Charge Voltage (V) 

1. AOl 

1 .404 

1.400 

\/att-llour Etflclency 

. BB4 

.B07 

. 849 

I’lIYSlCAL CHARACTERISTICS 

Total Huiiiber of Cells 

2UA6 

1015 

1358 

Hu ml) or of Parallel Batteries 

22 

l 7 

14 

Number of Modules per Battery 


4 

4 

Battery Cell Weight (ICg) 

1 . 1 J/« 

1.134 

1.134 

Battery Cell Volume (Cm^'J) 

2020 

2020 

2020 

ESS Weight (Rg) 

50J4 

3B05 

305 1 

ESS Volume (M''J) 

46.400 

20.076 

29.905 

LIFE CYCLE COSTS (19B0M$) 

DDT&E Coat 

11.752 

10.521 

9.7 56 

PrOjductlon Cost 

79. J14 

01.370 

50.382 

Operations A Maintenance Cost 

. 500 

. 500 

. 500 

ESS LIFE CYCLE COST 

91.500 

72. 391 

00.638 

Solar Array Cost 

10.121 

10.301 

10.487 

Thermal Control Cost 

5. J55 

5.42 1 

5.494 

Power Conditioning Cost 

2. 750 

2.210 

1.875 

TOTAL LIFE CYCLE COST 

109.792 

90. 323 

78.494 


1 

1 

1 

1 

1 

1 

0.154 

4. 742 

3.498 

2. 394 

1.433 

.090 

50 

50 

50 

50 

50 

50 

.475 

.550 

.625 

. 700 

.775 

. 850 

283 

283 

283 

283 

283 

283 

19.297 

23. 150 

25. 729 

28.940 

28. 946 

33. 080 

1 . 308 

1.275 

1.253 

1.230 

1.223 

1.19 3 

1.072 

1.072 

1.094 

1.157 

1.327 

1.577 

1.075 

1 . 290 

1 .464 

1.741 

1.99 7 

3.031 

1.408 

1.470 

1.473 

1.478 

1. 486 

1. 507 

.831 

. 809 

.777 

.723 

.020 

. 375 

1188 

1020 

927 

840 

X 

848 

750 

12 

10 

9 

8 

8 

7 

4 

4 

4 

4 

4 

4 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

2020 

2020 

2020 

2020 

2020 

2020 

2698 

2 350 

2349 

1982 

19 9 7 

1810 

1 7. 384 

10. 122 

11.508 

14.020 

15.487 

16.047 


9.267 

8.772 

8.544 

8.232 

8. 250 

7.975 

45.053 

39.793 

39.438 

34.222 

34.451 

31.610 

. 500 

. 500 

. 500 

. 5 00 

. 500 

, 500 

54.820 

49.005 

48.482 

42.954 

43.207 

40.09 1 

10.009 

10.941 

11.234 

1 1.960 

13,513 

20.144 

5.567 

5.005 

5. 728 

5. 780 

5.811 

5.881 

1.645 

1.409 

1.289 

1 . 100 

1.100 

1.04 2 

72. 701 

07.080 

00.733 

6 1 . 860 

03.697 

07.158 
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Hardware Life Cycles 

10 

7 

5 

5 

6 

3 

3 

3 

M a X 1 iiHiin U a 1 1 e r y Lite ( Y r ) 

3.000 

6. 2 50 

5. 500 

6.7 50 

8.000 

9. 250 

10. 500 

11.750 

Rated Cell Capacity (All) 

50 

50 

50 

50 

50 

50 

50 

50 

Maximiii.i Oeptii ul Oiscliar^'c 

.65 7 

.577 

. 508 

.667 

. 390 

. 333 

.277 

. 2 20 

Operatiii^; Temperature (deg-K) 

283 

283 

283 

283 

28 3 

28 3 

283 

283 

Max. Oiscliartti Current (A) 

60.313 

38. 596 

33. 080 

28.966 

25. 729 

23.157 

19.298 

15.638 

Ml 111 Ilium Voltaije (V) 

1 . 086 

1.106 

1.116 

1.156 

1.160 

1.153 

1.196 

1.236 

It c c h a r e T r a c t 1 o n 

1 . 080 

1.073 

1.072 

1.071 

1.071 

1.072 

1.072 

1.072 

Chart;e Current (A) 

36. 366 

28.636 

26.338 

21.296 

18.927 

17.038 

16.198 

11.358 

Cliari;e Voltage (V) 

1 . 70 7 

1.701 

1.711 

1.670 

1.675 

1 .6 99 

1.672 

1.651 

Watt -II our efficiency 

. 588 

.606 

.608 

.665 

.666 

.633 

.668 

.699 

IIYLICAL CIIARACTLRISTICS 









T o t a 1 Number of Cells 

595 

702 

812 

896 

1008 

1 120 

1296 

1575 

II umber of Parallel Batteries 

5 

6 

7 

8 

9 

10 

12 

15 

Number of Uoduies per Battery 

5 

5 

5 

6 

6 

6 

6 

6 

Battery Cell Welglit (Kg) 

1.136 

1.136 

1.136 

1.136 

1.136 

1. 136 

1. 1 36 

1,136 

Battery Cell Volume ((Mii^3) 

2 0 2 0 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

LSS Weight (Kg) 

1502 

1776 

19 9 8 

2138 

2668 

2600 

2955 

3 782 

LSS Volume (iPd) 

7.953 

16.223 

16.983 

20.069 

17. 353 

17.353 

18.966 

29. 252 

-IFL CYCLL COSTS (190011$) 









0UTi.L Cost 

7.975 

8. 335 

8. 702 

8.955 

9. 386 

9.673 

10.221 

11.125 

Production Cost 

10.163 

1 1.003 

11.831 

12.666 

1 3.963 

16.253 

15.635 

18.373 

Operations & Maintenance Cost 

100.890 

79.837 

63.899 

62.696 

56.296 

63. 209 

50.620 

61.217 

LSS LIPL CYCLL COST 

119.028 

99. 175 

86.682 

86.115 

77.623 

67.135 

76. 276 

90.715 

Solar Array Cost 

266. 738 

26 1 . 393 

260.539 

229.373 

229.967 

232.596 

223.022 

215.787 

Thermal Control Cost 

7.527 

7.616 

7.6 75 

7.106 

7. 156 

7. 361 

7.082 

6.888 

Power Conti 1 1 ion lug Cost 

. 783 

.916 

1.062 

1.166 

1 . 289 

1.609 

1.66 5 

1 . 988 

TOTAL LIPL CYCLL COST 

376.076 

368.896 

333. 538 

321. 760 

r — 

316,035 

308.679 

308.025 

315. 378 
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KaLod Cell Capacity (All) 
llaxlinuM Depth ot Discharge 
Opera tin}' Temperature (deg-U) 
Max. Discharj'C Current (A) 
MLulinuin Voltaire (V) 

K e c h a r i» e Traction 
C h a r e Current ( A ) 

Chari^e Voltage (V) 

Watt -Hour CCClclency 

PHYSICAL CIIAKACTLR IS T IC5 
Total il umber of Cells 
Humber of Parallel batteries 
Humber of Modules per Battery 
Battery Cell Weight (ICg) 
Battery Cell Volume (Cm^'J) 
tSS Weight (Kg) 

CSS Volume (M^J) 

V,LTi: CYCLL COSTS (19B0M$) 

DDTAL Cost 
Production Cost 

Operations & Maintenance Cost 

LSS LITC CYCLK COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL LLTL CYCLL COST 


lu 

7 

5 

J. uou 

A. 250 

5. 500 

5U 

50 

50 

657 

.577 

. 508 

2BJ 

28 3 

283 

4 6 . 3 1 J 

38. 59A 

35.626 

1 .OBA 

1 . 106 

1 . loy 

1 . 080 

1.073 

1.072 

3A. JAG 

28. A36 

26.211 

1.707 

1.701 

1.713 

588 

.606 

.GOA 


1 190 

1 AOA 

1 521 

1 0 

12 

1 3 

5 

5 

5 

1 . 1 3A 

1. 13A 

1. 13A 

2020 

2020 

2020 

312A 

35A 7 

A lOl 

15.907 

2 8 . A A 6 

29.965 


9. 2A9 

9.86 8 

10. 252 

1 5. 7A0 

1 7 . AOO 

18.982 

1 8 1 . 6 1 A 

1 A6. BAA 

111.357 

206.603 

17A. 1 12 

1 A 0 . 5 9 1 

A 30. A86 

A2 1 . 165 

A23.027 

9. 85A 

9.626 

9.807 

1 . A09 

1 .645 

1.761 

6 A 8 . 3 5 2 

606. 5A8 

575.186 


5 

A 

3 

6.7 50 

8.000 

9.2 50 

50 

50 

50 

AA7 

. 390 

. 333 

283 

283 

283 

30.875 

27. 2A3 

23.157 

1.150 

1.158 

1.153 

1.071 

1.071 

1.072 

22. 71 3 

20.0AI 

17.038 

1.672 

1.677 

1.699 

6A2 

.6AA 

.633 


1680 

190A 

22AO 

15 

1 7 

20 

A 

A 

A 

1. 13A 

1 . 1 3A 

1 . 1 3A 

2020 

2020 

2020 

A A 18 

A 7A6 

56 1 A 

Al. 297 

28. AA6 

59.93 


10.678 
20. 18A 
109. 06A 

11.291 
21.675 
96. 397 

12.251 
25. 320 
82. 7A5 

1 39. 926 

1 29. 363 

120.316 

AOO. A90 

A01.A9A 

A05. 818 

9.02A 

9.123 

9. 480 

1.988 

2.210 

2.537 

551. A28 

5A2. 190 

538. 151 


3 

3 

3 

10. 500 

11.750 

13. 000 

50 

50 

50 _ 

.277 

.2 20 

.162 

283 

283 

283 

19.298 

15.970 

11.875 

1.196 

1.233 

1 . 2 7 A 

1.072 

1.072 

1.072 

1 A . 1 9 8 

11.750 

8.737 

1.672 

1.651 

1.632 

. 668 

.697 

.7 29 


2592 

3045 

39 78 

2A 

2 9 

3 9 

A 

A 

A 

1 . 1 3A 

1 . 1 3A 

1 . 1 3A 

2020 

2020 

202 0 

5909 

7610 

90 18 

51.622 

58. 505 

77. A J 


13.168 

1 A . A90 

16.949 

26.561 

31.723 

37.95A 

96.205 

1 1 A. 1 10 

150. 1 47 

1 35. 93A 

160. 323 

205.050 

389. 107 

376.575 

36 A. 5 33 

8.962 

8. 579 

8. 2A8 

2.96 1 

3.A77 

A . A 6 9 

536. 96A 

5A8. 95A 

582. 300 


Exhibit 12b, Cell Life (Capacity Fixed) 
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10 

1 

5 

5 

A 

3 

3 

3 

3 

Maxi mu 1.1 Ruttery Life (Yr) 

J. 000 

A. 2 50 

5. 500 

G. 750 

d. 000 

9.250 

10. 500 

1 1. 750 

1 3.000 
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bo 

50 

50 

50 

50 

50 

50 

50 

50 
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.0 57 
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. 50H 
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.162 

Operating Temperature (deg-K) 

2d J 

2bJ 

2d J 

2d3 

2d3 

2d J 
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28 3 

Max, Discharge Current ( A ) 

^1 6 . J 1 J 

AO. 272 

35.G2G 

31 . 9A0 

2d. 069 

23. 750 

19. 709 

15.970 

11.875 

lllnlmum Voltage (V) 

1 . 0 d A 

1 . 1 0 J 

1 . 1 0 V 

1 . 1 A d 

1. IbG 

1.152 

1 . 19A 

1.233 

1 . 2 7 A 

Recharge Fraction 

1 . OHO 

1 . 0 7 J 

1.072 

1.071 

1.071 

1.072 

1 .072 

1.072 

1.072 

C liar go Current (A) 

JA . JAG 

2 y . (> 7 A 

2G.211 

23. A97 

2 0 . G A 9 

1 7.A73 

1 A. 50 1 

1 1.750 

8.73 7 

Charge Voltage ( V ) 

1.707 

1.702 

1.713 

1.G72 

1.G77 

1.699 

1.672 

1 . G51 

1.G32 

Uatt-lloiir efficiency 

. bOd 

.GOA 

. GOA 

.GA 1 

.GA3 

.633 

• 6 G G 

.697 

. 7 29 

IMIYS ICAL <;IIAKACTLI11ST1CS 

Total hum her ol Cells 

2 3HO 

2G9 1 

30A2 

nil 

3G9G 

A3Gd 

50 7 6 

6090 

7950 

N u 1.1 h e r of Parallel Hatter 1 e s 

2 0 

2 3 

2G 

29 

33 

3 9 

A 7 

58 

7d 

Munher of iluilul<;s per Uattery 

b 

5 

5 

5 

A 

A 

A 

A 

A 

Hattery Cell Weight (Kg) 

1 . 1 JA 

1 . 1 JA 

1 . 1 3A 

1 . 13A 

1. UA 

1 . 1 3A 

1. 13A 

1 . 1 3A 

1 . 1 3 A 

Hattery Cell Volume (Cm'' 3) 

2020 

20 20 

2020 

2020 

2020 
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2020 

2020 

LSS Wei gilt (Kg) 

Gbbd 

7 1 V6 

d20l 

d9 7 3 

96 18 

10537 

1 190A 

15219 

ld03A 


LSS Vo lumo (M'' 3 ) 

AA. 9A8 

56. 78A 

59.931 

72.273 

99. 88A 

1 0 3 . 2 A 0 

103. 2A0 

117.010 

1 5A. 870 

LlFi: CYCLL COSTS ( 1980115) 

DDT&L Cost 
Produc t ItMi Cost 

1 Operations & Maintenance Cost 

1 1. ddl 
27. Aid 
3A3. 236 

12.690 

29.876 

269.616 

13.622 
33.219 
2 1 2. 87A 

lA. 2AA 
35.652 
2 33. 7A 1 

15.257 
38.937 
181 .699 

16.939 
A 2 . 6 9 7 
155.059 

18.727 
A 8 . 0 2 1 
183.339 

21. 35A 
58. A56 
222.936 

25.958 

70.777 

29A.695 

^ • 

^ LSS LIFL CYCLL COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

JI12. 555 
7 5 1 . 0 7 y 
l« . 50H 
2. 5 J7 

312. 182 
735. 321 
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2.856 

259.715 
738.082 
lA. A 1 J 
3. 169 

283.637 
7UA.086 
12.930 
3. A77 

235.893 
700. 759 
13.058 
3.879 

2 1 A . 6 9 5 
708. 106 
13.765 
A. A69 

250.087 
679.058 
12. 731 
5.236 

302. 7A6 
657.020 
11.957 
6.258 

391. A 30 
636.01 8 
11.297 
8.0A 5 

TOTAL LIFL CYCLL COST 

1150.679 

106 A. A 37 

1015. 379 

lOUA. 130 

953. say 

9A1.035 

9A7. 1 12 

977.981 

10A6. 790 


Exhibit 12c, Cell Life (Capacity Fixed) 


EOL Max. DoD Total Cell© in Parallel Hardware Life Cycles 

.5 l. g . g 45 90 ,^0 10 20 


Production Cost 
0 & M Cost 

Total Life Cycle Cost 





Legend: 


SI 



LEO J00 Kk/ ESS /Vi HE 


Exhibit 12c, Cell Life (Capacity Fixed) Continued 


G-114 


l.LU 


25UKW LSS 


(IUU2) 


i-oL puu’uiuiANci: i‘Akaiii:ti:us 

llardv^arc L I £ c* Cycles 
Ilaxiinuin Uattery Life (Yr) 

Rated Cell Capacity (All) 

(laKliauu Ueptli of Dlschar^^e 
Opera t In Temperature (de^;-K) 
Max. Dlscliarj^e Current (A) 
Minimum Voltage (V) 

Recharjie Fraction 
Charge Current (A) 

Ch a r i;e Vo 1 t aj; e (V) n 

V^att-liour efficiency 

I’llYi; I CAL CUARACTLRISTICS 
Total Number of Cells 
Number of I’arallei Hatter ie« 
Number of Modules per battery 
battery Cell Wclj»bt (Kg) 
battery Cell Volume (Cm^3) 

ESS Weight (Kg) 

LSS Vo I lime (I!*' J ) 

LIFE CYCLE COSTS (iy»UM$) 

NOl'SE Cost 
Product Ion Cos t 

Operations L Maintenance Cost 

ESS LIFE CYCLE COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL LIFE CYCLE COST 


10 

7 

5 

5 

4 

3 

1 

1 

1 

j. 000 

^1. 2 50 

5. 500 

0. 750 

8. 000 

9. 250 

10. 500 

11.750 

1 1.000 

50 

50 

50 

50 

50 

50 

50 

50 

5 0 

.057 

.577 

. 50H 

.447 

. 390 

.331 

.277 

.2 20 

. 162 

2d 3 

20 J 

2H1 

281 

283 

283 

283 

283 

281 

U7.257 

41.151 

16. 182 

12.615 

28. 240 

23.610 

19.962 

16.081 

11.917 

1 . 0 in 

1 . 1 0 1 

1.108 

1.14 7 

1.156 

1.152 

1.19 2 

1 .211 

1.274 

l.OOO 

1.071 

1.072 

1.071 

1.071 

1.072 

1.072 

1.072 

1.072 

J5. UA 7 

10.460 

26.620 

21.991 

20. 775 

17.185 

14.686 

11.811 

8.701 

1 . 70S 

1 . 7 01 

1.711 

1.071 

1.678 

1.699 

1.671 

1.651 

1.612 

. 507 

.602 

.604 

.640 

.64 1 

.631 

.66 5 

.097 

. 728 


5811 

660 8 

7488 

8023 

9184 

1 0976 

1 2644 

15120 

1 9 788 

4 9 

56 

64 

7 1 

82 

9 8 

1 16 

144 

194 

5 

5 

5 

5 

4 

4 

4 

4 

4 

1.114 

1.114 

1.114 

1.114 

1.114 

1.114 

1.134 

1.114 

1.114 

20 2 0 

2020 

2020 

2020 

2020 

2020 

20 20 

2020 

2020 

15178 

16 905 

18708 

20006 

24051 

2 7 7 1 7 

1016 1 

11917 

4515 1 

104. 880 

112. 500 

151 .420 

162.620 

227.140 

268.4 10 

271.010 

203. 280 

187.17 


14.619 

15.886 

17.126 

18.195 

20.069 

22.957 

25.591 

29.498 

16. 9 7 0 

58.091 

04.557 

7 1 . 161 

75.889 

88.155 

101.970 

112.091 

128. 949 

168.051 

809.698 

015.628 

508. 756 

556.522 

435.644 

180.618 

4 4 4 . 8 2 1 

541. 129 

721. 798 

881. 010 

710.071 

597.445 

050.606 

543.868 

505. 565 

583. 105 

701. 776 

926.82 1 

1508.177 

1 54 5.8 7 7 

1540. 710 

1469. 798 

1462.666 

1477.948 

1427. 718 

1171.274 

1 12 7. 510 

28. 509 

27.621 

28. 251 

24. 546 

24.855 

26.008 

24.204 

22.095 

20.440 

5.424 

6.074 

6.801 

7.428 

8.394 

9. 703 

1 1 . 204 

13.511 

17.422 

2485. 120 

2295.645 

2171.229 

2152. 178 

2019. 781 

2019.884 

2046. 3 1 1 

2108.670 

2292.211 


Exhibit 12d, Cell Life (Capacity Fixed) 
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Exhibit 12d, Cell Life (Capacity Fixed) Continued 


G-H6 


CLU 


2 5iaj i:ss 


(luiii) 


l-OL FLUFUKilAliCL PAKAllKTCUS 


Hardware Life Cycles 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Maximum Battery Lite (Yr) 

3.000 

4.2 50 

5.500 

0. 750 

8.000 

9.250 

10. 500 

11.750 

13.000 

Rated Cell Capacity (All) 

50 

50 

50 

50 

50 

50 

50 

50 

50 

Maximum Depth oC Dlschar^^e 

.657 

.577 

. 508 

.44 7 

. 390 

.33 3 

.277 

.220 

.162 

Operatliii; Temperature (dej-K) 

2dJ 

283 

283 

283 

283 

283 

28 3 

283 

283 

Max. Dlscharjie Current (A) 

25.729 

23. 150 

21.051 

17.813 

15.438 

13.622 

11.578 

9.263 

6.811 

Minimum Voltage (V) 

1.24S 

1.271 

1.293 

1. 320 

1.342 

1 . 360 

1.378 

1.396 

1.417 

Recharge Fraction 

1. 1 113 

1.073 

1.072 

1.071 

1.071 

1.072 

1.072 

1.072 

1.072 

Cliari*c Current (A) 

1. A95 

1 . 292 

1.173 

.992 

. 860 

. 759 

.645 

.516 

. 379 

Chart*e Voltat^e (V) 

1. A74 

1.470 

1.469 

1.467 

1.465 

1.464 

1.463 

1.462 

1.461 

Watt-ilour efficiency 

. 757 

. 80 5 

.821 

. 840 

. 854 

. 867 

.879 

.891 

. 90 5 

PliYS ICAL UIAKACTCKISTICS 










Total Number of Cells 

936 

1020 

1 100 

1274 

1440 

1615 

1880 

2325 

30 94 

lUimber of Parallel Batteries 

9 

10 

1 1 

1 3 

15 

17 

20 

25 

34 

Number of Modules per Battery 

4 

4 

4 

4 

4 

4 

4 

4 

4 

* Battery Cell Wel(*lit (Rji) 

1 . 1 3A 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

1.134 

Battery Cell Volunie (Cm^'J) 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

2020 

i:SS Weight (Ug) 

2412 

2351 

2 737 

3189 

3498 

3806 

444 7 

5994 

69 7 8 

tlib Volune (M''i) 

U.461 

10. 122 

17.384 

29.965 

30.973 

26.076 

44. 948 

59.931 

74.913 

blFL CYCLC COSTS (1980M§) 










DDTM: Cost 

S. 582 

8. 772 

9.060 

9.579 

10.043 

10.522 

1 1 . 264 

12.551 

14.492 

Production Cost 

40. 312 

39. 800 

45.250 

51.912 

56.640 

61.383 

70.888 

93. 119 

112.511 

^ Operations L Maintenance Cofet 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

5^ css cm: cyclc cost 

49. 394 

49.078 

54.810 

61.991 

67. 183 

72.405 

82.652 

106.1 70 

127. 503 

Solar Array Cost 

11.522 

10.958 

10. 764 

10.577 

lO. 395 

10.302 

10.210 

10.116 

9.933 

Thermal Control Cost 

5. 743 

5.674 

5.609 

5.331 

5.470 

5.423 

5. 376 

5.331 

5.279 

Power Conditioning Cost 

1 . 289 

1.409 

1.528 

1.761 

1.988 

2.210 

2.537 

3.065 

3.979 

TOTAL LIFC CYCLC COST 

6 7. 948 

67.119 

72.711 

79.800 

85.036 

90. 340 

100.775 

124.682 

146.694 


Exhibit 12e, Cell Life (Capacity Fixed) 
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Exhibit 12e, Cell Life (Capacity Fixed) Continued 


811 -D 


Ll.0 


2 5i;u tss 


(IUII2) 


tOL lM:Ul'(JlUIAt4Ct I'MlArllvTUlG 
lInrJware Life Cycles 
llaxlmuin Battery Life (Yr) 

Kate cl Ceil Cap.iclty (All) 
Ilaxlinum Kept It of Ulscliar^^e 
Operating Temperature (tJeg-K) 
Nnx. Disclinrge Current (A) 
Mlnlnum Voltage (V) 

Kc charge Fraction 
Charge Current (A) 

Cliarge Voltage (V) 

Watt -Hour efficiency 

IMIYS ICAL CnARACTLKlSTICS 
Total Humber of Cells 
Number of F a r a 1 I c 1 Batteries 
Number ol Modules per Battery 
Battery Cell \/elglit (Kg) 
Battery Cell Volume (Cm'' 3) 

LSS Welglit (Kg) 

LSS Vo 1 one (H''J) 

LIFL CYCLL COSTS (19SUI1$) 

DDTbL Cost 
(’rod action Cost 

Operations & Maintenance Cost 

LSS LIFL CYCLE COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL ^.IFL CYCLE COST 


4 

4 

4 

7 . 260 

7.785 

7 . 7 86 

20 

50 

80 

424 

.4 00 

. 4 00 

28 3 

283 

283 

12.188 

28.946 

46.313 

1.136 

1.150 

1.150 

1.072 

1.072 

1.071 

8.96 7 

2 1 . 296 

34.070 

1.097 

1.683 

1 .683 

624 

.638 

.638 


2166 

904 

565 

19 

8 

5 

5 

5 

5 

.4 54 

1.134 

1.814 

1547 

20 20 

3764 

3088 

2178 

2083 

44.948 

18.068 

16.730 


10.533 

8.998 

8.602 

19.006 

12.593 

1 1 . 889 

110.691 

55.824 

42. 185 


1 ^ 0.230 77 . A15 62.676 


2 3 5 . () 9 2 

232.476 

232.4 54 

7 . 343 

7.223 

7.221 

2.429 

1 . 166 

.78 3 

385.694 

318. 280 

303. 1 34 


4 

4 

4 

8.661 

10.468 

11.593 

no 

140 

170 

. 360 

.278 

.227 

283 

283 

283 

57.892 

57.892 

57. 892 

1.172 

1.221 

1.256 

1.072 

1.072 

1.072 

42.593 

42.593 

42.593 

1.663 

1.632 

1.616 

.658 

.698 

. 725 


440 

424 

4 1 2 

4 

4 

4 

4 

4 

4 

2.495 

3.175 

3.856 

4128 

44 92 

485 7 

2134 

2501 

2864 

7.817 

7.817 

8.598 


8.575 

9. 009 

y . 4 3 1 

11.939 

13. 171 

14. jyo 

34.841 

37.663 

40.435 


55.355 59.843 64.256 


225 . 34U 

215.408 

208.934 

7.030 

6.753 

6.612 

.040 

.648 

.64 8 

2UU. 331 

282.652 

280.450 


4 

4 

4 

12. 359 

12.895 

1 3. 295 

200 

2 30 

260 

.192 

.16 7 

.14 7 

283 

283 

283 

57.892 

57.892 

57.892 

1.279 

1 .296 

1.312 

1.072 

1.072 

1,072 

42.593 

42.593 

42.593 

1.607 

1.601 

1.595 

.742 

. 755 

. 768 


404 

400 

396 

4 

4 

4 

4 

4 

4 

4.536 

5.216 

5.897 

522 1 

5586 

59 5 1 

3233 

36 19 

39 9 6 

1 3. 288 

15.633 

14.070 


9.854 

10.293 

10.717 

15.632 

16.935 

18.209 

43.240 

46.178 

49.054 

68.726 

73.406 

77.980 

204. 743 

202.489 

200. 218 

6.527 

6.4 78 

6.431 

.648 

.648 

.64 8 

280.644 

283.021 

285.277 


Exhibit 13a. Rated Cell Capacity 
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Exhibit 13a, Rated Cell Capacity {Continued) 


G-120 


LLU 


30KW KSS 


(iUll2) 


i: 0 L l» i: K F O K 1 1 A N C i: FA li A II i: T i: K s 

llnrdwarc I- ll»f Cycles 4 

Maximum liatUery Lite (Yr) O.'JOli 

Hated (Jell Capacity (Alt) 20 

naxlmiiM Oeptt) ot Dlsctiarye .4 3/ 

Opera tin;* Temperature (<lei*-K) 20 J 

Max. IJlschar^iC Current (A) 12.317 

Minimum Voitaiic(V) 1.127 

Uecliarj'O Fraction 1.07 1 

Cliart;o Current (A) 9.209 

Cliarj'e Voltai»e (V) 1.706 

Watt -Hour Ctltclency .nl7 

IMIYS ICAC CIIAHACTCHISTICS 

Total Number o t Cells 4253 

Number of Fa r a 1 1 e 1 Batteries J 7 

Number of Modules per Battery 5 

Battery Cell We 1^; lit (Hj») .434 

Battery Cell Volume (Cm^J) 1547 

CSS Wol^ilit (Ka) 36 7 7 

CSS Volume (IPJ) 77.4JJ 

Lire CYCLC COSTS (19S0MS) 

I) I) T 6 C C o s t I 3 . 5 4 y 

F ro due t I u n Cos t JO. 107 

Operations 6 Maintenance Cost 206.727 


CSS LIFC CYCCC COST 230. J82 
SolarArrayCoat 413.806 
TbermalControlCost 9.647 
Fower Cond 1 1 Ion 1 njj Cost 4.274 

TOTAL LIFC CYCLC COST 680.109 


4 

4 

4 

4 

7.117 

7. 786 

7. 399 

8.246 

30 

80 

110 

140 

.4 30 

.400 

.417 

.3 78 

283 

283 

28 3 

283 

30.875 

46.313 

66.160 

77.188 

1.131 

1.130 

1.139 

1.162 

1.072 

1.071 

1.071 

1.071 

22. 715 

34.070 

48.670 

56.784 

1 . 701 

1.683 

1.693 

1.672 

.621 

.0 38 

.628 

.648 


17 10 

1 1 30 

798 

66 6 

1 3 

10 

7 

6 

5 

3 

3 

4 

1.134 

1.814 

2.495 

3.175 

2020 

3764 

4 1 28 

4492 

4488 

4165 

3988 

4088 

36.137 

33.439 

28.888 

2 3. 361 


10. 788 

10.294 

9.854 

9.883 

20.471 

19. 160 

18.204 

18.432 

99.444 

77, 339 

63.119 

34.658 

1 30. 703 

106.793 

91.177 

82. 973 

412.037 

405.569 

410.407 

397. 720 

9.54 3 

9. 24 2 

9.425 

9.017 

1 . 988 

1 .409 

1.042 

.914 

534,273 

523.013 

512.051 

490.624 


4 

4 

4 

4 

8. 35 3 

7. 786 

9.037 

9. 968 

1 70 

200 

230 

2 60 

. 374 

.400 

. 343 

. 301 

283 

28 3 

283 

283 

92.625 

1 1 5. 780 

113. 780 

1 15. 780 

1. 164 

1.150 

1.18 1 

1.204 

1.072 

1.071 

1.071 

1.071 

68.145 

85.173 

83.173 

85.173 

1.670 

1.683 

1.656 

1.6 39 

.651 

.638 

.666 

.086 


555 

452 

440 

428 

5 

4 

4 

4 

4 

5 

4 

4 

3.856 

4.536 

5.2 16 

5.897 

485 7 

522 1 

5386 

595 1 

4093 

397 7 

4 289 

46 2 3 

21.376 

14.070 

17.197 

14.85 


9.812 

9.598 

9. 94 8 

10, 30 1 

18. 34 1 

17.819 

18. 902 

20.035 

50.926 

49.789 

49.192 

5 1 . 809 

79.079 

77. 206 

78.042 

82.145 

39 7.26 7 

403. 569 

391.688 

380.074 

8.984 

9. 243 

8.753 

8.4 36 

. 78 3 

.648 

. 64 8 

.64 8 

486.113 

492.666 

479.131 

471.303 


Exhibit 13b. Rated Cell Capacity 
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Exhibit 13b. Rated Cell Capacity (Continued) 


G-122 


LLU 


lUOKU KSS 


(tail2) 


LOL hi: IU‘ OKU AN CL HAKAIILTLKS 


Uafdware Life Cycles 

A 

A 

A 

M a X 1 1.1 u m ll a 1 1 e r y Life ( Y r ) 

6.968 

7.117 

7. 260 

Kated Cell Capacity (All) 

2 0 

50 

80 

Max 1 III II ID Depth ol Dlscliar^^c 

. A J7 

. A 30 

.A2A 

Opera Liny T e up e r a t ii r e (dey-U) 

28 3 

283 

283 

Max. Dlscliarye Current (A) 

12.517 

30.875 

A 8. 7 50 

Mini mu til Vo It aye (V) 

1.127 

1.131 

1.136 

Keciiaryc Fraction 

1.071 

1.072 

1.072 

Cliarye Current (A) 

9.209 

22.715 

35.866 

C ha rye Voltaye (V) 

1 . 706 

1.701 

1 .697 

Watt -Hour LttlclcMicy 

.617 

.621 

.625 

HIIYS ICAL CIIAKACTLKIS TICS 

T o t a 1 Ii 11 in h e r of Cell s 

85 10 

3A20 

2166 

Niinber of I’arallel Uatteries 

7A 

30 

19 

Mmiibcr ol tludiiles per ftattery 

5 

5 

5 

Dattery Ceil Weiyht (Ky) 

. A5A 

1 . 1 3A 

1 .81A 

Battery Cell Volume (Cm'^J) 

1 5A 7 

2020 

376A 

LSS Weiyht (Ky) 

11352 

89 7A 

9262 

L S S Volume ( M ^ J ) 

1 5A . 870 

72.273 

86.66A 

LIFL CYCLL COSTS (198011$) 

D0T&.L Cobt 

19.705 

1 A . 5 9 1 

1 3. A63 

Production Cost 

55.262 

36. 16A 

35.073 

Opt^ratlons & Maintenance Coot 

A 0 5 . 2 7 5 

191.317 

lA 1. A9A 

LSS LIFL CYCLL COST 

ABO. 2A2 

2A2.072 

190.030 

Solar Array Cost 

7 2 5 . A 7 6 

718.908 

71 7. A37 

Thermal Control Cost 

lA. 092 

13.887 

13. 765 

Power Condition illy Cost 

7.6 9A 

3.578 

2 • A 2 9 

TOTAL LIFL CYCLL COST 

1227. 50A 

978. AA5 

923.661 


A 

A 

A 

A 

A 

A 

7.399 

7. 399 

7. 330 

7. 786 

7. 8A 7 

7.532 

1 10 

1 AO 

170 

200 

2 30 

2 0 0 

.A17 

.A 17 

. A2l 

. A 00 

. 397 

.All 

283 

283 

283 

283 

283 

283 

66. 160 

8A. 20A 

102.920 

115.780 

1 32. 320 

1 5A. 380 

1.139 

1.139 

1.137 

1.150 

1.152 

1 . 1 A 3 

1.071 

1.071 

1.071 

1.071 

1.071 

1.072 

A8.670 

6 1 . 9 A A 

75.713 

85.173 

9 7 . 3A0 

113.580 

1.693 

1.693 

1.695 

1.683 

1.681 

1.690 

.628 

.628 

.626 

.6 38 

.0 39 

.631 


1596 

125A 

1026 

90A 

78A 

678 

1 A 

1 1 

9 

8 

7 

6 

5 

5 

5 

5 

A 

5 

2. A95 

3. 175 

3.856 

A. 536 

5.216 

5.897 

A 128 

AA92 

A857 

52 2 1 

5586 

595 1 

79 76 

8A21 

8A15 

7 952 

7818 

7 7A 1 

57.776 

A2.660 

39.035 

3A. 283 

25.678 

2 7 . A 2 3 

12. 88A 

12. 600 

12. 360 

1 2. A02 

12.231 

12.057 

31.691 

32. lA 7 

31.782 

30.933 

30. A 1 9 

30.012 

118.861 

105. 350 

95.917 

92. 7A 3 

81.813 

82. A 98 

163. A36 

150.097 

1 A 0 . 0 5 9 

136,078 

12A. A63 

1 2A. 567 

716. 0A8 

716. 0A8 

716. 7A3 

70 7. 6 1 A 

702. 07A 

709. 909 

1 3 . 6 A 9 

1 3.6A9 

1 3. 706 

1 3. 286 

13.168 

1 3. A76 

1.875 

1 .528 

1 . 289 

1. 166 

1 . OA 2 

. 91 A 

895.008 

88 1 . 322 

871.797 

858. 1 AA 

8A0. 7A 7 

8A8. 866 


Exhibit 13c. Rated Cell Capacity 
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Exhibit 13c, Rated Cell Capacity (Continued) 


G-124 


L1,0 


^5 OKU KSS 


(IUII2) 
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DDT&i: Cost 
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Operations & Maintenance Cost 
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Thermal Control Cost 
Fower Conditioning Cost 
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Exhibit 13d. Rated Cell Capacity 
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Exhibit 13d. Rated Cell Capacity (Continued) 
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ci:o 


2 5KU i:ss 


(tJlll2 ) 


i:oL l»LKl‘OKMANCL I’A UAMI:T LU S 


Hardware 1. 1 f e Cycles 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Ilaxlmui.i Battery Lll'e (Yr) 

1.049 

1 . 304 

2. 5 80 

3.5 20 

5.808 

7.7 18 

9.045 

10.030 

10.798 

Rated Cell Ca|)aclty (All) 

2 0 

50 

80 

1 10 

140 

170 

200 

2 30 

200 

tlaxLmiin Depth o£ Discharge 

. lU 1 

.787 

.0 80 

.023 

.489 

.403 

. 342 

. 298 

. 203 

Operating* Temperature (dey-K’) 

2BJ 

283 

283 

283 

283 

283 

283 

28 3 

283 

i'lax. Dischar^ie Cujrreut (A) 

1 J . 0 2 i 

33.080 

40.312 

57.890 

57. 890 

57.890 

57.890 

57.890 

57.890 

1 M . n 1 n u m V o 1 1 a e ( V ) 

1 . 200 

1.213 

1.238 

1.252 

1.298 

1.331 

1.354 

1.370 

1.382 

Kecharj'e Fraction 

1 . 004 

1 . 375 

1.14 5 

1.093 

1.071 

1.072 

1.071 

1.072 

1 .072 

CliarjjG Current (A) 

1 . 01 J 

2. 30 4 

2. 750 

3.290 

3.224 

3.225 

3.224 

3.224 

3. 224 

Charlie Voltage (V) 

1 . 4 9 J 

1.489 

1.477 

1.473 

1.408 

1.406 

1.405 

1 .404 

1.403 

Watt -11 our efficiency 

. 304 

. 592 

. 732 

. 778 

.825 

.847 

.80 3 

.874 

.88 1 

Flivs icAc cuAKACTCK nines 










T o t a 1 H u m b e r o t Cells 

18 19 

74 9 

525 

412 

4 00 

388 

384 

376 

370 

umber of I’arallel Batteries 

1 7 

7 

5 

4 

4 

4 

4 

4 

4 

Number at 1 1 u d u 1 e s per Battery 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Battery Cell Well* lit 

.4 54 

1.134 

1.814 

2.495 

3.175 

3.850 

4. 536 

5.210 

5.89 7 

Battery Cell Volurae (Crn'^J) 

1 54 7 
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3704 

4128 

4492 

485 7 

522 1 

5580 
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2 2 72 

1 790 

1888 

190 9 

2 3 3 3 

207 3 

304 6 

3379 

3 709 

CSS Volurae (11" J) 

23. 705 

15.810 

1 5. 800 

8. 598 

8.598 

8. 598 

14.070 

14.070 

14.070 

CirC CYCLC COSTS (198011$) 
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9.131 

7.954 

7 . 890 

7.901 

8. 307 
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9.078 

9.4 26 
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40.943 

31.405 

32.495 

33.559 

38.874 

43.838 

49.290 
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59.870 

Operations & Maintenance Cost 
Ka 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

CSS CIFC CYCLC COST 

50.574 

39.859 

40. 885 

4 1 . 900 

47.681 

53.013 

58.874 

64.087 
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Solar Array Cost 
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14.034 

11.855 

11.221 

10. 756 

10.486 

10.389 

10. 209 

10.207 

riiermal Control Cost 
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5.844 

5.775 

5. 730 

5. 597 

5.50 2 

5.442 

5. 395 

5.368 

Fower Condltlonlin; Cost 

2.210 

1.042 

. 7 83 

.048 

.048 

.648 

.648 

.048 

.04 8 

TOTAL CIFC CYCLC COST 

7 3 . 1 0 2 

00.779 

59. 298 

59.559 

04.082 

09.649 

75.353 

80. 339 

86.430 
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Exhibit 13e, Rated Cell Capacity (Continued) 
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tUL riC KFOKMANCL PA RAIII:T FRS 


Hardware* Life Cycles 

J 

A 

5 

6 

7 

8 

9 

10 

1 1 

llaxlinuiu Uattery Life (Yr) 

. 1 A « 

7.479 

0.917 

5.019 

5. 193 

5.313 

A. 067 

2.777 

2.888 

Rated Ceil Capacity (All) 

AO 

35 

30 

25 

25 

25 

25 

20 

20 

llaxlmun Depth oi Dlschari*e 

, JJB 

. 3U2 

. AAO 

.535 

.525 

.519 

.525 

.074 

. 005 

Operatiii;* Temperature (dci»-K) 

2« J 

283 

283 

283 

283 

283 

283 

283 

283 

Max, 1) i sc ha r p,e Current’ (A) 

19. 29B 

19. 29a 

19. 298 

19. 298 

19. 298 

19. 298 

19. 298 

19. 298 

19. 298 

llinimmn Voltage (V) 

1 . 1 /i 9 

1 . 1A9 

1.152 

1.112 

1.135 

1.151 

1.136 

1.071 

1.088 

Recharge Fraction 

1.071 

1.072 

1,072 

1.071 

1.071 

1.071 

1.072 

1.081 

1.081 

Charge Current (A) 

lA. 197 

1 A . 1 98 

14.198 

lA. 197 

lA. 197 

1 A. 197 

1 A . 1 98 

1 A. 329 

1 A. 320 

Charge Voltage ( V ) 

1 . 702 

1.089 

1 . b09 

1.0 98 

1.607 

1.6A0 

1 . 000 

1.725 

1.099 

Watt-Hour LCficlency 

, 0 JO 

.0 35 

.OAA 

.611 

.035 

.053 

.036 

.574 

.593 

PHYSICAL CHAUACTLRISTICS 










Total Hum her of Cells 

1350 

1350 

1 3AA 

1392 

1 368 

1 3AA 

1 368 

1 A 52 

1428 

Uutaber of Parallel Uatterles . 

1 1 

12 

12 

12 

12 

12 

12 

1 2 

12 

Humber of Modules per Battery 

5 

5 

A 

5 

5 

A 

5 

5 

5 

Buttery (^ell Weight (Kg) 

. 907 

. 79A 

.080 

.507 

.567 

.507 

. 507 

. A5A 

. A5A 

Battery Ceil Volume (Cm^J) 

1853 

1772 

1695 

1020 

1620 

1620 

1620 

15A7 

15A 7 

LSS Weight (Kg) 

202A 

2 38A 

2108 

1950 

1917 

180 7 

1917 

1 707 

17 39 

CSS Volume (M'^J) 

2 8 . A A 0 

2 8 . A A 0 

18. 96A 

28. AAO 

28. AAO 

18. 90A 

2 8 . A A 0 

28. AAO 

28. AAO 

LIFL CYCLL COSTS (19B0H$) 










DHT&L Cost 

9.891 

9.019 

9.297 

9. 1A2 

9.087 

9.015 

9.087 

8.973 

8,92 1 

Production Cost 

15.273 

IA.950 

12.882 

1 A . A 2 1 

lA. 355 

12.307 

14.355 

lA. 2A0 

lA. 185 

Operations & Maintenance Cost 

5 7 . A 90 

77. A1 1 

79.629 

115.591 

135. 20A 

120.052 

1 7 5.000 

192. 7A9 

2 12.01 A 

i:SS LIFL CYCLL COST 

82.000 

101,980 

101.808 

139. 15A 

158. 700 

1 A7. 97A 

1 9 8 , A A 2 

215.908 

235.120 

Solar Array Cost 

23A. 57A 

233. 127 

229. 25A 

239. 1 2 7 

232.357 

226. 721 

232.255 

252. 32A 

2A5.925 

Thermal Control Cost 

7. 378 

7.270 

7.087 

‘ 7.362 

7.090 

0.890 

7.082 

7. 700 

7. A61 

Power Conditioning Cost 

1 . 0A5 

1.0A5 

1.0A5 

1.0A5 

1.0A5 

1.6A5 

1 .0A5 

1 .045 

l.OA 5 

TOTAL LIFL CYCLL COST 

Mb. 257 

3AA.028 

339. 79A 

387.288 

399. 798 

383. 230 

A 3 9 . A 2 A 

A77.0A 3 

4>J0. 1 5 1 


Exhibit 14a, Hardware Life Cycles (Capacity Variable) 
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Exhibit 14a. Hardware Life Cycles (Capacity Variable) Continued 
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LUL rLKl-UllUANCt: rAKAill/ri'KS 
Hardware Lift* Cycles 
1 1 a X 1 in u m Battery Life ( Y r ) 

Rated t>ell Capacity (All) 
Maximum iJeptli of l)lschar[;e 
Operating Temperature (dei;-K) 
Max. L)lscliar>;e Current (A) 
Minimum Voltat;e (V) 

Kecliarye Fraction 
Cliarge Current (A) 

C li a r e V o 1 1 a i; e ( V ) 

Watt- II our efficiency 

I’llYS ICAL CIIAKACTLR ISTICS 
Total Number of Cells 
Number of Parallel Batteries 
Number ot Modules per battery 
Battery Cell l/el^iit (Kg) 
Battery Cell Volume (Cm^'B) 

FSB Weight (Kg) 

LSS Volume (II'^J) 

LIFL CYCLL COSTS (1900(1^?) 

IH)T&L Cost 
Production Cost 

Operations It Maintenance Cost 

FSS LIFF CYCLL COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL LIFL CYCLL COST 


J 

A 

5 

y . i A « 

7.532 

5.911 

BO 

65 

55 

. 3 J« 

.All 

.A 87 

2d 3 

283 

283 

3B. 5VA 

38. 59A 

38. 59A 

1 . 1 A 9 

1 . IA3 

1.122 

1.072 

1.072 

1.072 

28. 39A 

28. 3'JA 

28. 39A 

1. 702 

1.690 

1.698 

. 6 30 

.6 31 

.017 


1 350 

1 350 

1 380 

12 

1 2 

12 

5 

5 

5 

1.81A 

1.A7A 

1 . 2A 7 

370A 

3582 

3A01 

A808 

A 15A 

37 39 

A2. 600 

A2. 600 

AA. 692 


11.173 

10. A50 

10. 0A6 

21. 739 

19.952 

19.8A1 

00.317 

87.317 

110.517 


9V.22y 117.725 lAO.AOA 


A09. 273 

AOO. 875 

A 1 A . 33A 

9.557 

9. 339 

9.510 

1 . 6 A 5 

1 . 0 A 5 

1.0A5 

519. 70A 

535. 58A 

505.893 


0 

7 

8 

5.020 

A . A 3 A 

A. 005 

50 

A5 

A5 

.535 

.592 

. 590 

283 

283 

28 3 

38. 59A 

38. 59A 

38. 59A 

1.112 

1.101 

1.107 

1.071 

1 . 07A 

1 . 07A 

28.391 

28. A 7 1 

28.A03 

1.098 

1.097 

1.0 89 

.01 1 

.OOA 

.010 


1 392 

1 AOA 

1 AOA 

12 

12 

1 2 

5 

5 

5 ’ 

1 . i 3A 

1.021 

1.021 

2020 

19 30 

1930 

352 1 

3301 

3295 

28. AA6 

28. AAO 

2 8 . A A 0 


9.832 

9.0 15 

9 . 0 1 A 

17.301 

10.580 

10.573 

12A. 7A7 

1A3. 298 

lOA. A8A 

151.880 

1 6 9 . A 9 9 

190.071 

A1 7. 170 

A20. 802 

A19. 1 15 

9. 52A 

9. 500 

9. A31 

1 .6A5 

1.0A5 

1.0A5 

5110. 219 

001 . 500 

020.862 


9 

10 

1 1 

A. 199 

2. 705 

2.889 

A5 

AO 

A 0 

.582 

.075 

.005 

283 

283 

283 

38. 59A 

38. 59A 

38. 59A 

1. 12A 

1.070 

1.088 

1.073 

1 . 082 

1.081 

2 8 . A A A 

28.059 

28.038 

1.006 

1.720 

1.0 99 

.029 

.574 

. 593 


1 380 

1 A52 

1 A28 

1 2 

1 2 

1 2 

5 

5 

5 

1.021 

. 90 7 

, 90 7 

1 9 30 

1853 

18 5 3 

3238 

3155 

30 9 9 

28. AAO 

28. AAO 

28. AAO 


9. 5A 3 

9. A88 

9 . A 2 1 

10. 308 

10. 1 3A 

15.937 

18A.097 

203.527 

2 2 3. 2 3A 

210.008 

229. 1 A9 

2 A 8 . 5 9 2 

A08. 527 

A A 0 . A 5 7 

A29.0A9 

8.989 

10.228 

9. 722 

1 .6A5 

1 .0A5 

1.0A5 

029.709 

081. A79 

089.008 


Exhibit 14b, Hardware Life Cycles (Capacity Variable) 
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Exhibit 14b, Hardware Life Cycles (Capacity Variable) Continued 
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Hardware Lite Cycles 

J 

4 

5 

6 

7 

8 

9 

10 

1 1 

I I a X 1 III u la r> a 1 1 e r y Life ( Y r ) 

y . 1 4 8 

7.117 

5.911 

5.020 

4.232 

3.684 

3.4 72 

2.752 

2.888 

Hated Cell Capacity (All) 

lb 0 

125 

1 10 

loo 

90 

90 

85 

85 

80 

llaxinuim Depth of Discliari;e 

. 3 JS 

.4 30 

.487 

k 535 

.595 

.5 95 

.627 

.0 35 

.00 5 

Operating Temperature (dcg-K) 

2H3 

283 

283 

283 

283 

283 

283 

283 

283 

Max. Discharge Current (A) 

; 1 89 

77.189 

77.189 

77.189 

77. 189 

77. 189 

77. 189 

77.189 

77.189 

Min inn m Voltage (V) 

1 . W* 9 

1.131 

1.12 2 

1.112 

1.095 

1.094 

1.09 3 

1.077 

1.08 8 

He charge Fraction 

1.071 

1.071 

1.071 

1.071 

1.075 

1.075 

1.078 

1.078 

1.081 

Charge Current (A) 

50. 784 

50. 784 

50. 784 

50. 784 

56.953 

50.953 

57.107 

57.149 

57.270 

Charge Voltage (V) 

1 . 702 

1.701 

1.698 

1.098 

1. 706 

1.707 

1 .099 

1. 723 

1.099 

Watt- Dour efficiency 

. 0 30 

.02 1 

.617 

.6 11 

. 597 

.597 

.59 7 

. 580 

.593 

FIlYlilCAL CIIARACTLKlSTlCfi 










Total Number of Colls 

1 350 

1 308 

1 380 

139 2 

1416 

14 10 

14 10 

1440 

14 28 

Number of Farallel batteries 

12 

12 

12 

12 

12 

12 

1 2 

1 2 

1 2 

■Number of Modules per battery 

5 

5 

5 

5 

5 

5 

5 

5 

5 

battery Cell We 1 gli t (Kg) 

3.029 

2.835 

2.495 

2. 208 

2.04 1 

2.04 1 

1.928 

1 .928 

1.814 

battery Cell Volume (Cm'^J) 

4 7 35 

4310 

4128 

4007 

3880 

3880 

382 5 

3825 

3 7 04 

LSS Weight (Kg) 

9 358 

7 705 

7098 

0063 

0275 

62 76 

0022 

0135 

5816 

LSb Volume (M^J) 

42.000 

42.000 

44.692 

44.692 

44.092 

44.692 

44,092 

44.092 

44.092 

LIFL CYCLIC COSTS (19^00$) 










l)DTi»L Cost 

13. 980 

12. 520 

11.912 

11.314 

11.159 

11.160 

10.928 

1 1.020 

10. 74 1 

Production Cost 

30.031 

30.740 

28.339 

27,103 

25,824 

25.827 

24. 990 

25.354 

24.315 

Operations & Malnte nance Cost 

85.994 

108.515 

132.531 

150.168 

1 78. 258 

205. 184 

227. 34 1 

255.482 

275.022 

LSS LIFL CYCLL COST 

130.011 

151. 775 

1 72.982 

194. 785 

215.241 

242. 1 7 1 

263. 259 

291.802 

310.078 

Solar Array Cost 

714.044 

718.807 

722.807 

727.879 

742.420 

742. 744 

74 1 .529 

700.000 

748.573 

Thermal Control Cost 

13.910 

1 3. 885 

13.817 

13.847 

14.272 

14.301 

14.101 

15.039 

14.242 

Power Conditioning Cost 

1.045 

1.045 

1.045 

1.645 

1.045 

1.645 

1.645 

1.045 

1.045 

TOTAL LIFL CYCLL COST 

805.010 

880. 1 72 

911.311 

938. 156 

973.378 

lOOO. 86 1 

1020. 534 

1009.140 

1074.538 


Exhibit 14c, Hardvoare Life Cycles (Capacity Variable) 


EOL Max. DoD Total Cello in Parallel Max Battery Life 
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Exhibit 14c. Hardware Life Cycles (Capacity Variable) Continued 


LLU 


250KW LSS 


(Niil2) 


iiOL IM:KK0IUIANCK PAKAlIKTIilKS 
Hardware Li£e Cycles 
Maximum Battery Lite (Yr) 

Uatcd Cell Capacity (AH) 
tlaxiiiniin Ueptli oi Uiscliari;c 
Opera t ill ji Temperature (deg-K) 
Max. Oise Large Current (A) 
ninlmum Voltage (V) 

Kecliarge Fraction 
Charge Current (A) 

Charge Voltage (V) 

Watt-Hour LfCtciency 

rilYSlCAL CHAKACTLKISTICS 
Total Number of Ceils 
Number of Parallel batteries 
Number of iloduics per battery 
Battery (/Oli V/clght (Kg) 
battery Cell Volume (Cm'^J) 

LGS Welglit (Kg) 

FSS Volvimc (M^i) 

LIKL CYCLt COSTS (1V«0M$) 

DDT&L Cost 
Production Cost 

Operations & Maintenance Cost 

LSS LIFL CYCLi: COST 
Solar Array Cost 
Thermal (Control Cost 
Power Conditioning Cost 

TOTAL LIFK CYCLL COST 


3 

4 

5 

9.148 

7.028 

5.087 

200 

155 

135 

. 338 

.434 

.498 

283 

283 

283 

96.485 

90.485 

90.485 

1.14 9 

1.129 

1.114 

1.071 

1.071 

1.071 

70.978 

70. 978 

70.978 

1. 702 

1 . 704 

1 . 706 

.030 

.0 18 

.0 10 


2712 

2 760 

2784 

24 

24 

24 

5 

5 

5 

4.530 

3.515 

3.002 

522 1 

4 6 75 

44 32 

2 3204 

1 9250 

1 740 1 

85.319 

89. 383 

89.383 


17.742 

1 5.446 

14.405 

HI . 2bU 

08.240 

62.348 

lUti. 1 39 

232. 550 

281.201 


285. U1 J10.2A2 357.954 


1490.221 

1512.687 

1524.857 

26.975 

27.294 

27.520 

2.96 1 

2.96 1 

2.961 

1805. 298 

1859. 184 

1913.292 


0 

7 

8 

4. 760 

4.173 

3. 772 

125 

115 

1 10 

.538 

. 583 

.007 

283 

283 

2 83 

96.485 

90.485 

96.485 

1.105 

1.096 

1.094 

1.071 

1.074 

1.076 

70.978 

71.124 

71.203 

1 . 708 

1.707 

1. 703 

.604 

. 598 

.597 


2808 

2832 

2832 

24 

24 

24 

5 

5 

5 

2.835 

2.608 

2.495 

4310 

4 189 

4 128 

16613 

1 5 7 4 4 

1 5244 

89.383 

89. 383 

89. 383 
13.122 

13.913 

13.412 

59.503 

56.717 

55.074 

332.098 

379.938 

429. 308 


400.174 450.007 497.564 


1530.935 

1549.430 

1549.024 

27.779 

27.958 

27.739 

2.96 1 

2.90 1 

2.961 

1973.849 

2030.416 

2077.288 


9 

10 

1 1 

3. 304 

3.00 1 

2.889 

105 

loo 

lou 

.637 

.007 

.605 

283 

283 

283 

90.485 

90.485 

96.485 

1.080 

1 .084 

1.088 

1.078 

1.081 

1.081 

71.442 

7 1.008 

71.595 

1 . 709 

1 . 700 

1.699 

. 589 

. 588 

.593 


2850 

2850 

2856 

24 

24 

2 4 

5 

5 

5 

2.381 

2.268 

2.208 

4007 

4007 

4007 

1 4 8 7 3 

1 4 3 7 3 

1 4 350 

89. 383 

89. 383 

89. 383 


12.903 

12.609 

12.000 

53.848 

52.201 

52. 150 

478.402 

523.318 

577.747 


545.153 588.128 042.503 


1500.456 

1507.165 

1562. 339 

28.455 

28. 329 

27.809 

2.96 1 

2.96 1 

2.96 1 

2143.025 

2180.583 

2235.612 


Exhibit 14d. Hardware Life Cycles (Capacity Variable) 


EOL Max. DoD Total Cello in Parallel Max Battery Life 
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Exhibit 14d. Hardware lAfe Cycles (Capacity Variable) Continued 


G-136 


L i:o 


25KU LSS 


( 111112 ) 


LOL PLKFUKMANCt; i’AKAMlCTKKS 
llardw.ire Life (^yclcn 
1 1 <1 X L m u in 11 a 1 1 e r y Life ( Y r ) 

Hated Cell Capacity (All) 
llaxJmiim Depth of Discharge 
Operating; femperature (dejj-K) 
Max. Dlscliari;e Current (A) 

Mini Ilium Voltage (V) 

Ke charge Traction 
Charge Current (A) 

Charge V o 1 1 i,i f; e ( V ) 

VJatt-llonr efficiency 

PHYSICAL ClIARACTLK 1ST ICS 
Total Number of Cello 
Number of Parallel Batteries 
Number of Modules per Battery 
Battery Cell Weight (Kg) 
Battery Cell Volume (Cm^'J) 

LSS Weight (Kg) 

LSS Vo I II me (IP J ) 

LIFL CYCLt COSTS (iyBOrl$) 

DDT&L Cost 
Production Cost 

Operations & Maintenance Cost 

LSS LIFL CYCLL COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL LIFL CYCLL COST 


4 

4 

4 

4 

4 

4 

4 

4 

4 

9.092 

7.912 

7.424 

7. 1 54 

6.983 

7.111 

7.272 

7. 154 

7.06 0 

20 

35 

50 

65 

80 

95 

1 15 

1 30 

14 5 

. 340 

. 394 

.4 16 

.429 

.437 

.440 

.423 

.429 

. 4 33 

283 

28 3 

283 

283 

283 

283 

283 

283 

28 3 

10.000 

20.000 

JO. 000 

40.000 

50.000 

60.000 

70.000 

80.000 

90.000 

1.18 2 

1.153 

1.140 

1.133 

1.127 

1.12 9 

1. 1 36 

1.133 

1.13 0 

1.071 

1.072 

1.071 

1.072 

1.071 

1.071 

1.072 

1.072 

1.072 

7. Sbl 

14.715 

22.070 

29.429 

36. 783 

44.139 

51.501 

58.857 

66.215 

1.655 

1.630 

1 .692 

1 . 700 

1 . 705 

1 . 702 

1.697 

1.700 

1.703 

.667 

. 64 1 

.629 

.622 

.617 

.6 19 

.625 

.622 

.619 


26 1 6 

1 344 

904 

684 

575 

460 

456 

456 

46 0 

24 

1 2 

8 

6 

5 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

.454 

. 794 

1.134 

1.474 

1.814 

2.155 

2.608 

2.948 

3 . 2 8 9 

1547 

1/72 

2020 

3582 

3764 

3946 

4189 

4 37 1 

4 55 3 

2906 

2 35 7 

2 194 

2 109 

2 149 

202 1 

2384 

2685 

300 8 

54. 205 

18.964 

18.068 

21 . 330 

16.730 

14.070 

14.070 

14.070 

14.070 


11.255 

9.578 

9.006 

8.718 

8.664 

8. 426 

8.82 1 

9.131 

9. 4 66 

21.504 

1 3.696 

12.632 

12.320 

12.089 

11.543 

12.707 

1 3.663 

14.695 

119.971 

64. 703 

55. 845 

46.936 

42.479 

36.980 

39. 365 

4 1 . 260 

43. 320 


152. 7 JO 
2 2 V . 2 6 5 
7.018 
2. V6 I 


8 7 . ‘1 7 7 
2 J 7 . I V 9 
7. 25A 
1.0A5 


7 7.4 8 J 
240. J20 
7. J66 
1. 166 


67.974 

242.924 

7.444 

.914 


63.232 
253. 374 
7.597 
.7 83 


56. 949 
244.820 
7.4 75 
.648 


60.893 
274.483 
7.787 
.64 8 


64.054 
306.04 1 
8.191 
.64 8 


67.487 
339. 236 
8.627 
.648 


391.974 


334.075 


326.335 


319.256 


324.986 


309.892 


343.811 373.934 415.998 


Exhibit 15a. Discharge Current (Capacity Variable) 


EOL Max. DoD Total Cells in Parallel Hardware Life Cycles 
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Exhibit 15a, Discharge Current (Capacity Variable) Continued 


G-138 


LLO 


5 UKW liSS 


(N1112) 


tUL PtKFOKMAnCli: rAKAMi:TEKS 
Uardv/jrc* Life Cycles 
ilaxlinuio liattcry LiCu (Vr) 
Hated Cell Capacity (All) 
llaxlmum Ucptli o£ Uiscliarge* 
Opera tint* lemperature (dci»-IC) 
llax, DiacUarj’e Current (A) 

111 ni mum Voltage (V) 

He charge Fraction 
Charge Current (A) 

(Jiarge Voltage (V) 

V^att-llour Ktflciency 

PIIYS I CAL C II AK ACT Fill ST ICS 
Total Number of Cells 
Number ul I’arallel batteries 
Number ol Nodules per battery 
battery Cell Weight (Kg) 
battery Cell Volume (Cm^J) 

FSS Weight (Kg) 
i:SG Volume (IPJ) 

CIFI- CYCU: COSTS (198011$) 
l)l)T&L Cost 
Froductlon Cost 

Operations U Maintenance (^ost 

LSS LIFE CYCLE COST 
Solar Array Cost 
Thermal Control Cost 
Power Conditioning Cost 

TOTAL LIFE CYCLE COST 


4 

4 

4 

4 

4 

4 

4 

4 

4 

9.092 

7.912 

7.424 

7 . 154 

6.98 3 

7.111 

7.272 

7.154 

7.06 0 

20 

35 

50 

65 

80 

9 5 

1 1 5 

1 30 

14 5 

. JAO 

. 394 

.4 16 

.429 

.437 

.440 

.423 

.4 29 

.433 

283 

283 

2 83 

283 

283 

283 

283 

283 

283 

10.000 

20.000 

30.000 

40.000 

50.000 

60.000 

70.000 

80.000 

90.000 

1.18 2 

1.153 

1.140 

1.133 

1.127 

1.129 

1.136 

1.133 

1.130 

1.071 

1.072 

1.071 

1.072 

1.071 

1.071 

1.072 

1.072 

1.072 

7 .357 

14.715 

22.070 

29.429 

36. 783 

44.139 

51.501 

58.857 

66.215 

1.655 

1.680 

1.692 

1.700 

1 . 705 

1 . 702 

1.697 

1 . 700 

1 . 703 

.667 

.64 1 

.629 

.622 

.617 

.619 

.625 

.622 

.6 19 


512 3 

2688 

1808 

1 368 

1150 

920 

798 

684 

690 

4 7 

24 

16 

12 

10 

8 

7 

6 

6 

4 

4 

5 

5 

5 

5 

5 

5 

5 

.454 

. 794 

1.134 

1.474 

1 . 814 > 

2.155 

2.60 8 

2.948 

3.289 

154 7 

1772 

2020 

3582 

3764 

3946 

4 189 

4 37 1 

455 3 

6010 

4714 

4387 

4217 

4297 

4 04 1 

4171 

4 0 28 

4512 

108.410 

61.946 

36. 137 

42.660 

33.459 

29.859 

28.888 

21 . 330 

22 . 34 


14.962 

12.065 

1 1.028 

10. 509 

10. 398 

9.9 80 

10.013 

9 . 790 

10. 232 

37.992 

25. 133 

20.622 

20.019 

19.557 

18.481 

18.773 

18.186 

19.727 

226. 574 

127.812 

105.059 

87.314 

77.920 

67.451 

64.219 

58.614 

61.687 

279.528 

165.010 

1 36. 709 

1 17.842 

107.875 

95.912 

93. 005 

86.590 

91.646 

393. 294 

413. 853 

419.287 

423.836 

442.073 

427.148 

430.203 

423.822 

469. 785 

8 . 758 

9 . 308 

9.531 

9.687 

9.994 

9 . 748 

9 . 727 

9.687 

10. 340 

5.2 36 

2.96 1 

2 . 100 

1.645 

1.409 

1 . 166 

1 .04 2 

.914 

.914 

686.816 

591.1 32 

567.627 

553.010 

561.351 

533.974 

533.977 

521.013 

572.685 


Exhibit 15b. Discharge Current (Capacity Variable) 


EOL Max. DoD Total Colls in Parallel Hardware Life Cycles 
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Exhibit 15b, Discharge Current (Capacity Variable) Continued 


on-D 


LLO 


luuKu i:ss 


(UU12) 


I- 01, i»i: KKOKiiANct: fakaiii:ti:ks 


Hardware Life Cycles 


A 

A 

A 

A 

A 

A 

A 

A 

llaxlTDun battery Life (Yr) 

y , 092 

7.912 

7 . A 2 A 

7. 15A 

0. 9B3 

7.111 

7.272 

7. 1 5A 

7 . OOU 

Kateil Cell (Capacity (All) 

20 

35 

50 

05 

HO 

9 5 

113 

1 30 

1 A 5 

ttaxlmuu DeptU ot UlscU»arge 

. 3A0 

. 39A 

.A 16 

.A 29 

. A37 

.A AO 

. A23 

. A29 

. A 3 3 

Operating Temperature (deg-lC) 

2« J 

2b3 

2H3 

2H3 

203 

203 

203 

203 

203 

Max. Olscliarge Current (A) 

10.000 

20.000 

30.000 

AO. 000 

50.000 

00.000 

70.000 

00.000 

90. 000 

Mlniiniim Voltage (V) 

1.102 

1.153 

1 . 1 AO 

1.133 

1.127 

1.129 

1.136 

1.13 3 

1.13 0 

lie charge I’ractlt)!) 

1.071 

1.072 

1.071 

1.072 

1.071 

1.071 

1.072 

1.072 

1.072 

Charge Current ( A ) 

7.357 

lA. 715 

22.070 

2 9 . A 2 9 

36. 703 

A A . 1 3 9 

51.501 

50.057 

06.215 

Charge Voltage (V) 

1 . (» 5 3 

1 . OHO 

1.692 

1 . 700 

1. 705 

1 . 702 

1.697 

1.700 

1 . 703 

\)att-llour efficiency 

.6()7 

. OA 1 

.029 

.022 

.017 

.619 

.625 

.622 

.6 19 


IMIYSICAL CUARAUrCKlSTlCti 
1 o t a I. Number u C Cells 
Niimher uC I’acalLeL Uuttcries 
Number of nodule;) per battery 
battery Cell Welt* lit (IC^*) 
battery Cell Volume (Cin'^J) 

CSC We 1 yli t ( Ivg ) 

CSS Volume ( i 1 3 ) 

circ CYccc COSTS (ivbua?) 


OOTOC Cost 

22.210 

16.770 

1 A. 700 

1A.092 

13. 5A3 

13.110 

13.100 

12. 750 

12. 900 

Production Cost 

70. 722 

A5.090 

30. 136 

3A.0A6 

35. 39H 

32.237 

32. H2H 

31.650 

3 3. AO 5 

Operations 0 Maintenance Cost 

A 3 9 . 5 1 0 

2A2. 003 

197. 1 1 A 

166. 15A 

IA2.012 

127. 99A 

121. 0A9 

110.361 

107.575 

CSS CIFC CYCLt COST 

532. A50 

30 I. 9A3 

2A0. 030 

214.092 

190.953 

173. 3A 7 

167. 0A5 

15A. 773 

153. 000 

Solar Array Cost 

OOO. 3A2 

709.950 

7 1 3 . 1 A A 

7 3 9 . A 6 1 

7A0. 150 

7A5.255 

750, 59A 

7 3 9 . A 6 1 

76A. 3AA 

Thermal Control Cost 

12. 2A2 

1 3 . 2 A 3 

13.591 

1 A. 1 72 

lA. 300 

1 A. 296 

lA. 253 

lA. 1 72 

lA. 023 

Power C o n d 1 1 1 o n 1 n g Cost 

9. 3 39 

5.2 36 

3.679 

2.96 1 

2. A29 

2. 100 

1.075 

1.0A5 

1 . 52 0 

TOTAL CIFC CYCCC COST 

123A. 301 

1032.372 

970. AAA 

971. A06 

9A7.0A0 

93A . 990 

933. 767 

910.051 

93A. 375 


10137 

520A 

3503 

2 7 36 

2105 

lOAO 

1 590 

130 0 

120 5 

93 

A 7 

31 

2A 

19 

16 

lA 

1 2 

1 1 

A 

A 

5 

5 

5 

5 

5 

5 

5 

. A5A 

. 79A 

1 . 1 3A 

I.A7A 

I.OIA 

2.155 

2.600 

2. 9A0 

J. 209 

1 5A 7 

1772 

2020 

3502 

370A 

39A6 

A 109 

A371 

A553 

1 2220 

9597 

00 19 

04 32 

9307 

0001 

03A2 

005A 

0030 

216. 030 

123. 090 

72.273 

09.570 

06. 66A 

59.719 

57. 770 

A2.000 

AA . 092 


Exhibit 15c. Discharge Current (Capacity Variable) 


EOL Max. DoD Total Cells in Parallel Hardware Life Cycles 
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Exhibit 1 5c, Discharge Current (Capacity Variable) Continued 


ZPl’D 


LUO 


Zbi)VM LSli 


(01H2 ) 


UOL rUKFOlUlANCL I»A KAMLT LKS 


IIanJwai*e Lite Cycles 

A 

A 

A 

4 

4 

A 

A 

4 

4 

Hiixiiniii.i UatLery Life (Yr) 

9.092 

7.912 

7. A2A 

7. 154 

6.983 

7.111 

7. 272 

7. 1 54 

7. 000 

K at eel Cell Capacity (All) 

20 

35 

50 

65 

80 

95 

115 

1 30 

145 

Ilaxlmuin Depth of Dlscliari^e 

. JAU 

. 39A 

.416 

.429 

.437 

.4 40 

.4 23 

.4 29 

.4 33 

Operating Temperature (eJet'-K) 

2B J 

283 

283 

283 

283 

283 

283 

28 3 

283 

Max. Diochari;e Current (A) 

10.000 

20.000 

30.000 

40. 000 

50.000 

60.000 

70.000 

80.000 

90. 000 

Minimum V 1 1 a y c ( V ) 

*1.102 

1. 153 

1.140 

1.133 

1.127 

1.129 

1. 1 36 

1.133 

1.130 

II cellar tie Fraction 

1.071 

1.072 

1.071 

1.072 

1.071 

1.071 

1.072 

1.072 

1.072 

Charjjo Current (A) 

7. J37 

lA. 715 

22.070 

29.429 

36.783 

44.139 

51.501 

58.857 

66.215 

Charj^e Voltaire (V) 

1.055 

1.680 

1.692 

1 . 700 

1. 705 

1 . 702 

1.697 

1 . 700 

1 . 703 

Watt -Hour CfCiclency 

.607 

.6A1 

.62 9 

.622 

.617 

.619 

.625 

.622 

.619 

IMIYSrCAL CIIARACTLRISTICS 










Total Number o i Ceils 

252BB 

1 2992 

88 14 

6612 

5405 

4 4 8 5 

3876 

3306 

2990 

II umber ol Parallel Batteries 

2 J2 

1 16 

78 

58 

47 

39 

34 

29 

26 

Number oi Modules per Battery 

A 

A 

5 

5 

5 

5 

5 

5 

5 

Battery Coll Wciylit (K^) 

. A5A 

. 79A 

1 . 1 34 

1.474 

1.814 

2. 155 

2.608 

2.948 

3.289 

Battery Coll Volume (Crn^'J) 

1 5A 7 

1772 

2020 

3582 

3764 

3946 

A 1 89 

4 3 7 1 

4 553 

LBS Weli^ht (Kt;) 

2B0BI 

2A2A8 

2202 3 

23559 

20725 

20226 

20858 

21054 

207 5 1 

CSS Volume (M^'J) 

523. 990 

309. 730 

180.680 

238.880 

179. 160 

149. 300 

1 4 A . A 4 0 

1 1 9 . 4 A 0 

1 15. 550 

LIFL CYCLL COSTS (19B0M$) 










DOT&L Cost 

31.058 

22. 368 

19. 505 

1 7. 996 

17.195 

16.491 

16. 525 

15.879 

15.757 

Production Cost 

16A.565 

10A.407 

82.840 

82.538 

75.089 

72.519 

73.853 

72.802 

71.923 
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1501.891 

1524.993 

Thermal Control Cost 

22. 765 
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Exhibit 15 d, Discharge Current (Capacity Variable) 
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Exhibit 15d, Discharge Current (Capacity Variable) Continued 


irPl’D 


c; i:o 


25KW LSS 


(141112 ) 


i:oi. i'L;ui’uKnyM4CL pakaiii:ti;ks 


llarJware Life Cycles 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 «i X 1 m u n JJ a 1 1 e r y Life ( Y r ) 

1. 2 J« 

1.238 

1.238 

1.238 

. 94 1 

.74 5 

.812 

. 860 

. 9 04 

Uaietl Cell Capacity (All) 

15 

30 

45 

60 

75 

85 

100 

115 

1 30 

ilaximuM Depth of Disciiar|;e 

. 7DJ 

.79 3 

.79 3 

. 793 

. 795 

. 84 4 

.836 

. 8 30 

.8 26 

Operatlnji Temperature (<lej*-K) 

2« J 

28 3 

28 3 

28 3 

283 

283 

28 3 

283 

2 8 3 

flax. Discharge Current (A) 

. 10.000 

20.000 

30.000 

40.000 

50.000 

60.000 

70.000 

80.000 

90. OUO 

lliiiimmn Voltage (V) 

1.211 

1.211 

1.211 

1.211 

1 . 208 

1.19 2 

1.196 

1.19 9 

1.201 

Ke charge* Fraction 

1.412 

1.412 

1.412 

1.412 

1.422 

1.581 

1.586 

1.590 

1.593 

Charge Current (A) 

. 734 

1.468 

2.202 

2.936 

3.696 

6.239 

6.780 

7. 334 

7.89 2 

Charge Voltage (V) 

1.490 

1 . 4 90 

1.490 

1.490 

1.494 

1 . 506 

1 . 502 

1 . 500 

1.498 

Watt -Moor Ll'flcicncy 

.575 

. 575 

. 576 

.576 

. 569 

. 396 

.427 

.4 53 

.4 75 

PHYSICAL CIIAUACTLRiSTlCS 

Total Number of Cells 

25Gb 

1284 

856 

642 

535 

436 

432 

432 

4 32 

Nnitiher of I’arnllel DatterJes 

24 

12 

8 

6 

5 

4 

4 

4 

4 

H u M b e r of Modules per battery 

4 

4 

4 

4 

4 

4 

4 

4 

4 

battery Cell Weight (Kg) 

. 340 

.680 

1.021 

1.361 

1.701 

1.928 

2.268 

2.608 

2. 94 8 

battery Cell Volume (Cni'^J) 

1479 

16 9 5 

19 36 

352 1 

3703 

3825 

4 00 7 

4 189 

4 37 1 

CSS Weight (Kg) 

2 3 76 

2000 

1875 

1812 

1848 

1 701 

1 96 1 

22 34 

2500 

LSS Volume (11*^3) 

4 9.04 3 

15.803 

16. 348 

19.298 

17.658 

6.253 

9. 380 

9. 380 

9. 380 

LIFL CYCLi: COSTS (iyyoM$) 

DDXte Cost 

• 9.966 

8. 587 

8.119 

7.884 

7.839 

7.600 

7. 868 

8.148 

8.42 1 

P r o tl ij c t i o n Cost 

60.796 

34.986 

32.671 

33. 126 

33. 228 

29.652 

33.405 

37.353 

41,288 

Opcratlr)na S Maintenance Cost 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

. 500 

ESS LIFE CYCLE COST 

71. 262 

44.073 

41 . 290 

41.510 

41.567 

37.752 

41.773 

46.001 

50. 209 

Solar Array Cost 

14. 767 

14. 766 

14. 763 

14. 764 

15.371 

19.988 

21.169 

22.520 

2 3. 864 

Thermal (‘ontrol Cost 

5.870 

5.870 

5.870 

5.870 

5.898 

5.921 

6.022 

6.133 

6. 244 

Power Conditioning Cost 

2.96 1 

1.645 

1 . 166 

.914 

. 783 

.648 

.648 

.048 

.648 

TOTAL LIFE CYCLE COST 

94. 860 

66. 354 

63.089 

63.058 

63.619 

64.309 

69.612 

75. 302 

80.965 


Exhibit 15e. Discharge Current (Capacity Variable) 
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Exhibit 15e, Discharge Current (Capacity Variable) Continued 
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Exhibit 16a. Hardware Life Cycles (Capacity Fixed) 
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Exhibit 16a, Hardware Life Cycles (Capacity Fixed) Continued 
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Exhibit 1 6b. Hardware Life Cycles (Capacity Fixed) 
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Exhibit 16b, Hardware Life Cycles (Capacity Fixed) Continued 
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Exhibit 16c, Hardware Life Cycles (Capacity Fixed) 
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Exhibit 16c. Hardware Life Cycles (Capacity Fixed) Continued 
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Exhibit 16d. Hardware Life Cycles (Capacity Fixed) 
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Exhibit 16d. Hardware Life Cycles (Capacity Fixed) Continued 
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Exhibit 1 7a. ECU Current Density 
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Exhibit 17a, FCU Current Density (Continued) 
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Exhibit 17b, ECU Current Density 
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Exhibit 17b, FCU Current Density (Continued) 
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Exhibit 17c. ECU Current Density 
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Exhibit 17c. FCU Current Density (Continued) 


G-160 


l.LU 


23Ui.U L'66 


(11202 ) 


UUL IXU I’MU-UK.IAIICL; 


1 1 n V a a i o 1 . i 1 j L y c 1 c t* 

J 

5 

0 

7 

3 

9 

10 

12 

lA 

ilaxiuiui.i I’UU Life (ill*) 

ZZbil 

1 5506 

1217/ 

10125 

37 A 2 

7530 

6A5 1 

5A55 

A551 

Dark 1‘erloJ I'ov/er (U) 

J2. Jl 

AO. 7A 

OA . 97 

3 1.20 

9 7.55 

1 13.30 

1 30. OA 

1A6. 30 

162.52 

Dark I'criuJ Voitai;t: (V) 

1. Jbl 

1. jyy 

1. jyy 

1. AOO 

1 .AOO 

1 . AOO 

1 . AOO 

1 . AOO 

1 . AUU 

AcLlvo Cell Area (ci.i2) 

2 J2. 26 

Zi2.1b 

2U.2b 

232. 26 

232. 26 

232.26 

232.26 

232.26 

232 . 26 

Cur re lit iJoiialty (Ila/cia2) 

lUU. UU 

150. 00 

200.00 

250.00 

300.00 

'350.00 

AOO. 00 

A 50. 00 

500.00 

Upuratlu^; treasure (kt;/crn2) 

1 . J 25 

1.125 

1.125 

1.125 

1.125 

1.125 

1.125 

1.125 

1.125 

Ojicratliiij icujiurdture (Uei;-K) 

J55 

355 

355 

355 

355 

355 

355 

355 

355 

r:uL t:cu rcuFuiciAiici: 










1. l/,liL I’erLoil Tower (U) 

JA. Ab 

3A. A2 

3A.63 

3A. 79 

3A.90 

3A. 33 

3A. A9 

3A. 56 

3 A . 0 5 

Lij;lit Terlod Voltaire (V) 

J. A5S 

3. 

3 . A 7 6 

3. A60 

3 . A 9 9 

3. AA5 

3. A55 

3. A66 

3. A 76 

hOL SUliSYSTCn ThUF UKUAliCi: 










ilarlwai'i: l.ile Cycle. 

A 

A 

A 

A 

A 

A 

A 

A 

A 

naxii.iUi:! L 1 1 e (Hr) 

6 2i'J3 

6 2 393 

62393 

6 2 393 

6 2 393 

62393 

6 2 3 9 3 

6 2 3 9 3 

62393 

112 SLurat^e Uoliilit (kt;) 

1 J. 77A 

1 3.613 

13.661 

13. A3A 

13. 306 

13. A29 

13. 79A 

13.731 

13. 330 

Do!) Factor 

. SOU 

.000 

. 600 

. SOU 

.300 

. 300 

.300 

. 300 

. 300 

\iatt-llour CCtlclciicy 

. AUA 

. A12 

.All 

.All 

.All 

. A13 

.A17 

.A17 

. A16 

T n V C 1 C A L C » 1 A il AC 1’ C U L S 1 1 Cii 










1’ o t a i il ij 1,1 b o r o 1 F C li 

'2765 

0510 

A929 

3906 

3220 

2 790 

2511 

22 32 

1'953 

Total Uuuber ot LCU 

1 55 72 

1 5366 

15A 30 

1 52 32 

1 5023 

1 510A 

1 55 72 

1 55 72 

15130 

Cli b Je t 

22656 

20A33 

196 1 A 

16633 

1320 1 

1321 7 

13537 

13A21 

17312 

CoS Vo ill me (il'"J) 

1 15.200 

99.103 

93. 900 

93. 900 

77. 7A5 

33.697 

115.260 

99.103 

93.900 

CIFL CYCLi: COSTS (19S0;Jil) 










iJ b T 6 1^ Cost 

62. oy» 

55. 6A0 

53.123 

50. 726 

A 3 . 9 2 9 

A3. AOO 

A3. 365 

A3. 31 3 

A 6 . 6 9 3 

I'raiJuctioii Coat 

16 J.U«6 

1A6.699 

139.055 

1 33.097 

129.093 

123.099 

129.515 

123.213 

123. 39 3 

Os OiieratioMS L ila lii t enance Cost 

O 

J21.5AU 

352. 7 1 1 

3A9. 76A 

3A3.833 

339. OlA 

3A1.533 

350.033 

362. 73A 

36A . 126 

CSS cm: cvccc cost 

5A6. 72A 

555.250 

5A2. 7A2 

523.253 

517.036 

513. 1A2 

523. A 13 

339. 265 

53A. 71 7 

Solar Array Cost 

2 2 1 A . 6 5 0 

2 139. 3 1 1 

2210.676 

2192.306 

21 7A. 733 

2103.70A 

2216.2A3 

2219.765 

2173.773 

Tlieriiial Control Cost 

1 3 . 2 s y 

13.516 

lA. 550 

15. 375 

16.013 

16. 906 

17.925 

1 3. 62A 

10. 33 A 

Tower Comi 1 L ionliij^ Cost 

10.351 

7. 3A0 

5. 797 

A . 7 5 9 

A. 073 

3.573 

3.272 

2 . 96 1 

2. OA A 

TOTAC CIFC CYCCC COST 

2735. OlA 

270 5 . A 19 

2773.705 

27A 1 .253 

2711.915 

2702. 330 

2765.353 

2 7 30. (.1 5 

2730.023 


Exhibit 17d. ECU Current Density 
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Exhibit 17d, FCU Current Density (Continued) 
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Exhibit 1 7e, ECU Current Density 
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Exhibit 17e, FCU Current Density (Continued) 
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Exhibit 18a. FCU Voltage 
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Exhibit 18a. ECU Voltage (Continued) 
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Exhibit 18b. ECU Voltage 
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Exhibit 18b, FCU Voltage (Continued) 
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Exhibit 18c. ECU Voltage 
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Exhibit 18c. FCU Voltage (Contmued) 
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Exhibit 18d, FCV Voltage (Continued) 
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Exhibit 18e. ECU Voltage 
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Exhibit 18e, FCU Voltage (Continued) 
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Exhibit 19a. ECU Active Area 
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Exhibit 19a. FCU Active Area (Continued) 
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Exhibit 19d. FCU Active Area (Continued) 
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Exhibit 21a, ECU Hardware Life Cycles (Continued) 
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Exhibit 21b, ECU Hardware Life Cycles (Continued) 
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Exhibit 21c, ECU Hardware Life Cycles (Continued) 
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